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(57) ABSTRACT 


Provided herein are food products made in vitro from avian 
fibroblast cells and methods for harvesting the avian fibro- 
blast cells. Particularly, an in vitro produced chicken product 
is produced. Also provided herein are methods of their 
production. 
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Fig. 3 
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Fig. 4A 


СЛЕ adaptation in Basal (serum-free) media 
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Fig. 5A 


C1F cells in Basal Media supplemented with 
fatty acids and growth factors 
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Fig. 5B 


20, C1F cells in Basal Media without growth factors 


Viable Cell Density УЗ сей} 


9.44 
—— ады НЕЕ 
5 6 ҙ М 


Culture Time (Day) 


Patent Application Publication Рес. 17, 2020 Sheet 5 of 6 US 2020/0392461 A1 


Fig. 5C 


СТЕ cells adaptation to serum-free media containing growth 
factors 
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Fig. 6a, 6b, and 6c 
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IN VITRO AVIAN FOOD PRODUCT 


FIELD 


[0001] Тһе present disclosure relates to food products 
derived from avian cells produced in vitro and methods of 
cultivation of avian cells in low serum or the absence of 
serum. 


BACKGROUND 


[0002] Chicken has been a part of the human diet for 
thousands of years. The modern domestic chicken (Ga//us 
domesticus) is descended from the red junglefowl (Gallus 
gallus), which is native to southeast Asia, though some 
related species may also have interbred in the evolution of 
the domestic chicken (Lawler et al.). It is believed to have 
been first domesticated in India around 2000 BCE (USDA 
Fact Sheet). Currently, there are believed to be about 2 
billion chickens in the world, and they are poised to overtake 
pigs as the most common source of animal protein in the 
human diet (Gorman et al.). Because it has a high protein 
content and low fat content, chicken is a highly desirable 
food ingredient. 


[0003] Chicken is a ubiquitous food of our era, crossing 
multiple cultural boundaries with ease. With its mild taste 
and uniform texture, chicken presents an intriguingly blank 
canvas for the flavor palette of almost any cuisine. 


[0004] Chicken is often recommended as a healthier alter- 
native to red meat. Chicken consumption is associated with 
a lower risk of colorectal cancer than red meat or processed 
meat (English et al), and consumption of white meat 
(chicken, turkey and fish) is associated with lower risk of 
all-cause mortality, cancer risk, and cardiovascular disease 
(Sinha et al). Also, chicken contains lower amounts of 
saturated fat and cholesterol, which are risk factors for 
cardiovascular disease, than red meat (International Agency 
for Research on Cancer). 


[0005] Additionally, where safety concerns have arisen 
regarding chicken consumption, they typically include 
microbial contamination related to deficiencies in animal 
husbandry, slaughter, or processing practices, combined 
with undercooking that does not kill all of the microbes that 
may be on the chicken. During slaughter and processing, 
contamination of the meat with fecal matter is common. In 
random surveys of chicken products across the United States 
in 2012, the Physicians Committee for Responsible Medi- 
cine found 48% of samples to contain fecal matter, and a 
2009 USDA study found that 8796 of chicken carcasses 
tested positive for generic Е. coli, a sign of fecal contami- 
nation, just prior to packaging. While thorough cooking can 
kill contaminating microorganisms, if cooking is not thor- 
ough, some microorganisms may survive to cause foodborne 
illness. 


[0006] Cultured meat products have the potential to: (1) 
substantially reduce reliance on slaughtered animals for food 
use, (2) lessen the environmental burden of raising animals 
for food supply, and (3) provide a reliable source of protein 
that is both safe and has consistent quality. 


SUMMARY 


[0007] The present disclosure provides methods for cul- 
turing avian fibroblast cells in vitro. The present disclosure 
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also provides compositions for avian food products. This 
disclosure also sets forth processes for making and using 
products. 

[0008] In some embodiments, there are provided methods 
of producing a food product comprising avian fibroblast 
cells cultured in vitro, the methods comprising culturing a 
population of avian fibroblast cells in vitro in a growth 
medium capable of maintaining the avian fibroblast cells, 
recovering the avian fibroblast cells, and formulating the 
recovered avian fibroblast cells into an edible food product. 
In some embodiments, the avian fibroblast cells comprise 
primary avian fibroblast cells. In some embodiments, the 
avian fibroblast cells comprise secondary avian fibroblast 
cells. 

[0009] Іп some embodiments, there are provided methods 
of preparing a food product made from avian fibroblast cells 
grown in vitro, the method comprising the steps of: condi- 
tioning water with a phosphate to prepare conditioned water, 
hydrating a plant protein isolate or plant protein concentrate 
with the conditioned water to produce hydrated plant pro- 
tein, contacting the cell paste with the hydrated plant protein 
to produce a cell and pulse protein mixture, heating the cell 
and plant protein mixture in steps, wherein the steps com- 
prise at least one of: 

ramping up the temperature of the cell and protein mixture 
to a temperature between 40-65° C., maintaining the tem- 
perature of the cell and protein mixture at a temperature 
between 40-65° C. for 1 to 30 minutes, ramping up the 
temperature of the cell and protein mixture to a temperature 
between 60-85° C., cooling the cell and protein mixture to 
a temperature between –1-25° C., and admixing the cell and 
protein mixture with a fat to create a pre-cooking product. 
The pre-cooking product can be consumed without further 
cooking. Alternatively, the pre-cooking product is cooked to 
produce the edible food product. Optionally, the pre-cooking 
product may be stored at room temperature, refrigeration 
temperatures or frozen. 

[0010] In some embodiments, there are provided food 
products produced from avian fibroblasts, comprising a cell 
paste, the cell paste content of at least 5% by weight, and 
wherein the cell paste is made from avian fibroblast cells 
grown in vitro; a plant protein isolate or plant protein 
concentrate, the plant protein content at least 5% by weight; 
a fat, the fat content at least 5% by weight; and water, the 
water content at least 5% by weight. 

[0011] In some embodiments, the food composition or 
food product comprises about 1%-100% by weight wet cell 
paste. 

[0012] In some embodiments, plant protein isolates or 
plant protein concentrates are obtained from pulses selected 
from the group consisting of dry beans, lentils, mung beans, 
faba beans, dry peas, chickpeas, cowpeas, bambara beans, 
pigeon peas, lupins, vetches, adzuki, common beans, fenu- 
greek, long beans, lima beans, runner beans, or tepary beans, 
soy beans, or mucuna beans. In various embodiments, the 
pulse protein isolates or plant protein concentrates provided 
herein are derived from Vigna angularis, Vicia faba, Cicer 
arietinum, Lens culinaris, Phaseolus vulgaris, Vigna 
unguiculata, Vigna subterranea, Cajanus cajan, Lupinus 
sp., Vetch sp., Trigonella foenum-graecum, Phaseolus luna- 
tus, Phaseolus coccineus, or Phaseolus acutifolius. In some 
embodiments, the pulse protein isolates are derived from 
mung beans. In some embodiments, the mung bean is Vigna 
radiata. 
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[0013] In some embodiments, animal protein isolate and 
animal protein concentrate are obtained from animals or 
animal products. Examples of animal protein isolate or 
animal protein concentrate include whey, casein, and egg 
protein. 

[0014] In some embodiments, plant protein isolates are 
obtained from wheat, rice, teff, oat, corn, barley, sorghum, 
rye, millet, triticale, amaranth, buckwheat, quinoa, almond, 
cashew, pecan, peanut, walnut, macadamia, hazelnut, pista- 
chio, brazil, chestnut, kola nut, sunflower seeds, pumpkin 
seeds, flax seeds, cacao, pine nut, ginkgo, and other nuts. 


BRIEF DESCRIPTIONS OF THE DRAWINGS 


[0015] FIG. 1 depicts a process diagram for culturing of 
avian fibroblast cells. 

[0016] FIG. 2 depicts a process diagram for harvesting 
cultured avian fibroblast cells. 

[0017] FIG. 3 depicts a hierarchical clustering of the 
transcriptome analysis of three biological replicates of 
chicken cell pools (JUST1, JUST2, JUST3) used to manu- 
facture a cultured chicken meat product (JUST7, JUSTE, 
JUST9). 

[0018] FIG. 4A depicts chicken fibroblast cell adaptation 
in low serum media indicating cell viability as a function of 
culture time. FIG. 4B depicts chicken fibroblast cell adap- 
tation in low serum media indicating population doubling 
time as a function of passage number. 

[0019] FIG. 5A depicts chicken fibroblast cell adaptation 
in basal media supplemented with fatty acids and growth 
factors as a function of culture time. FIG. 5B depicts chicken 
fibroblast cell adaptation in basal media without growth 
factors as a function of culture time. FIG. 5C depicts chicken 
fibroblast cell adaptation in serum free basal media supple- 
mented with growth factors as a function of culture time. 
The growth factors comprise insulin-like, epidermal-like, 
and fibroblast-like growth factors. 

[0020] FIG. 6A depicts the adaption of C1F chicken cells 
in media with decreasing concentrations of FBS in the 
presence of ITSEEF as defined herein, as a function of 
culture time. FIG. 6B depicts chicken fibroblast cell adap- 
tation to serum-free media indicating the population dou- 
bling time as a function of passage number. FIG. 6C depicts 
cell viability as a function of time for the cultures shown in 
FIGS. 6A and 6B. 


DETAILED DESCRIPTION 


[0021] The following description is presented to enable 
one of ordinary skill in the art to make and use the disclosed 
subject matter and to incorporate it in the context of appli- 
cations. Various modifications, as well as a variety of uses in 
different applications, will be readily apparent to those 
skilled in the art, and the general principles defined herein 
may be applied to a wide range of embodiments. Thus, the 
present disclosure is not intended to be limited to the 
embodiments presented but is to be accorded the widest 
scope consistent with the principles and novel features 
disclosed herein. 


Definitions 


[0022] As used herein, the term “batch culture" refers to a 
closed culture system with nutrient, temperature, pressure, 
aeration, and other environmental conditions to optimize 
growth. Because nutrients are not added, nor waste products 
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removed during incubation, batch cultures can complete a 
finite number of life cycles before nutrients are depleted and 
growth stops. 

[0023] As used herein, the term “edible food product" 
refers to a food product safe for human consumption. For 
example, this includes, but is not limited to a food product 
that is generally recognized as safe per a government or 
regulatory body (such as the United States Food and Drug 
Administration). In certain embodiments, the food product is 
considered safe to consume by a person of skill. Any edible 
food product suitable for a human consumption should also 
be suitable for consumption by another animal and such an 
embodiment is intended to be within the scope herein. 
[0024] Ав used herein, the term “enzyme” or *enzymati- 
cally" refers to biological catalysts. Enzymes accelerate, or 
catalyze, chemical reactions. Enzymes increase the rate of 
reaction by lowering the activation energy. 

[0025] Ав used herein, the term “expression” is the pro- 
cess by which information from a gene is used in the 
synthesis of a functional gene product. 

[0026] As used herein, the term “fed-batch culture" refers 
to an operational technique where one or more nutrients, 
such as substrates, are fed to a bioreactor in continuous or 
periodic mode during cultivation and in which product(s) 
remain in the bioreactor until the end of a run. An alternative 
description is that of a culture in which a base medium 
supports initial cell culture and a feed medium is added to 
prevent nutrient depletion. In a fed-batch culture one can 
control concentration of fed-substrate in the culture liquid at 
desired levels to support continuous growth. 

[0027] Ав used herein, a “gene product" is the biochemi- 
cal material, either RNA or protein, resulting from expres- 
sion of a gene. 

[0028] Ав used herein, “growth medium" refers to a 
medium or culture medium that supports the growth of 
microorganisms or cells or small plants. A growth medium 
may be, without limitation, solid or liquid or semi-solid. 
Growth medium shall also be synonymous with “growth 
media." 

[0029] As used herein, “basal medium" refers to a non- 
supplemented medium which promotes the growth of many 
types of microorganisms and/or cells which do not require 
any special nutrient supplements. 

[0030] Ав used herein, “іп vitro" refers to a process 
performed or taking place in a test tube, culture dish, 
bioreactor, or elsewhere outside a living organism. In the 
body of this disclosure, a product may also be referred to as 
an in vitro product, in which case in vitro shall be an 
adjective and the meaning shall be that the product has been 
produced with a method or process that is outside a living 
organism. 

[0031] As used herein, “suspension culture" refers to а 
type of culture in which single cells or small aggregates of 
cells multiply while suspended in agitated liquid medium. It 
also refers to a cell culture or a cell suspension culture. 
[0032] As used herein, “fibroblasts” refers to mesenchy- 
mal-derived cells that are responsible for the extracellular 
matrix, epithelial differentiation, and regulation of inflam- 
mation and wound healing. In addition, fibroblasts are also 
responsible for the secretion of growth factors and work as 
scaffolds for other cell types. Fibroblasts are one cell type 
found in conventional meat. 

[0033] Аз used herein, “cell paste" refers to a paste of cells 
harvested from a cell culture that contains water. The dry cell 
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weight of cell paste can be 196-596, 596-1096, 1096-1596, 
1596-2096, 2096-2596, 2596-3090, 3096-3596, 3596-4096, 
4096-4596, 4596-5096, or higher. A skilled worker can pre- 
pare cell paste with a desired water content. Typically, cell 
paste comprises about 596-1596 cells by dry cell weight. It 
is within the ambit of skilled practitioners to prepare cell 
paste that comprises a desired dry cell weight of cultivated 
cells, including cell paste that comprises any other desired 
percentage by dry cell weight. The skilled worker can 
remove moisture by centrifugation, lyophilization, heating 
or any other well-known drying techniques. According to 
the United States Department of Agriculture, the naturally 
occurring moisture content of animal meats including poul- 
try, is about 75% water. In some embodiments, the cell paste 
provided herein comprises a significant amount of water. 
“Wet cell paste" as used herein comprises about 2596-9096 
water 2596-8596 water, 2596-8096 water, 25%-75% water, 
2596-7096 water, 2596-6596 water, 2596-6096 water, 25%- 
55% water, 2596-5096 water, 3096-9096 water, 3096-8596 
water, 3096-8096 water, 3096-7596 water, 3096-7096 water, 
3096-6596 water, 3096-6096 water, 3096-5596 water, 30%- 
50% water, 3596-9096 water, 3596-8596 water, 3596-8096 
water, 3596-759 water, 3596-7096 water, 3596-6596 water, 
3596-6096 water, 3596-5596 water, 3596-5096 water, 40%- 
90% water, 4096-8596 water, 4096-8096 water, 4096-7596 
water, 4096-7096 water, 4096-6596 water, 4096-6096 water, 
4096-6096 water, 4096-5596 water, 4096-5096 water, 45%- 
90% water, 4596-8596 water, 4596-8096 water, 4596-7596 
water, 4596-709 water, 4596-7596 water, 4596-7096 water, 
4596-6596 water, 4596-6096 water, 4596-5596 water, 45%- 
50% water, 5096-9096 water, 5096-8596 water, 5096-8096 
water, 5096-759 water, 5096-7096 water, 5096-6596 water, 
5096-6096 water, 5096-5596 water. Cell paste is another term 
for cultured cell meat. 


[0034] Ав used herein, “substantially pure" refers to cells 
that are at least 80% cells by dry weight. Substantially pure 
cells are between 8096-8596 cells by dry weight, between 
8596-9096 cells by dry weight, between 9096-9296 cells by 
dry weight, between 9296-9496 cells by dry weight, between 
9496-9696 cells by dry weight, between 9696-9896 cells by 
dry weight, between 9896-9996 cells by dry weight. 


[0035] Ав used herein, “seasoning” refers to one or more 
herbs and spices in both solid and liquid form. 


[0036] Ав used herein, “primary avian fibroblast cells” 
refers to cells from a parental animal that maintain growth 
in a suitable growth medium, for instance under controlled 
environmental conditions. Cells in primary culture have the 
same karyotype (number and appearance of chromosomes in 
the nucleus of a eukaryotic cell) as those cells in the original 
tissue. 


[0037] As used herein, “secondary avian fibroblast cells” 
refers to primary cells that have undergone a genetic trans- 
formation and become immortalized allowing for indefinite 
proliferation. 


[0038] As used herein, “proliferation” refers to a process 
that results in an increase in the number of cells. It is 
characterized by a balance between cell division and cell 
loss through cell death or differentiation. 


[0039] As used herein, “adventitious” refers to one or 
more contaminants such as, but not limited to: viruses, 
bacteria, mycoplasma, and fungi. 
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[0040] As used herein “peptide cross-linking enzyme" or 
“cross-linking enzyme is an enzyme that catalyzes the 
formation of covalent bonds between one or more polypep- 
tides. 

[0041] As used herein, “transglutaminase” or “TG” refers 
to an enzyme (R-glutamyl-peptide amine glutamyl transfer- 
ase) that catalyzes the formation of a peptide (amide) bond 
between y-carboxyamide groups and various primary ami- 
nes, classified as EC 2.3.2.13. Transglutaminases catalyze 
the formation of covalent bonds between polypeptides, 
thereby cross-linked polypeptides. Cross-linking enzymes 
such as transglutaminase are used in the food industry to 
improve texture of some food products such as dairy, meat 
and cereal products. It can be isolated from a bacterial 
source, a fungus, a mold, a fish, a mammal, or a plant. 
[0042] As used herein “protein concentrate” is a collection 
of one or more different polypeptides obtained from a plant 
source or animal source. The percent protein by dry weight 
of a protein concentrate is greater than 2596 protein by dry 
weight. 

[0043] Ав used herein “protein isolate" is a collection of 
one or more different polypeptides obtained from a plant 
source or an animal source. The percent protein by dry 
weight of a protein concentrate is greater than 5096 protein 
by dry weight. 

[0044] As used herein, and unless otherwise indicated, 
percentage (96) refers to total % by weight typically on a dry 
weight basis unless otherwise indicated. 

[0045] Тһе term “about” indicates and encompasses ап 
indicated value and a range above and below that value. In 
certain embodiments, the term “about” indicates the desig- 
nated valuex1096, «596, or +1%. In certain embodiments, 
the term “about” indicates the designated valuexone stan- 
dard deviation of that value. 

[0046] In this disclosure, methods are presented for cul- 
turing avian derived cells in vitro. The methods herein 
provide methods to proliferate, recover, and monitor the 
purity of cell cultures. The cells can be used, for example, in 
one or more food products. 

[0047] Тһе disclosure herein sets forth embodiments for 
avian food products compositions comprising avian derived 
cells grown in vitro. In some embodiments, the composi- 
tions comprise plant protein, cell paste, fat, water, and a 
peptide cross-linking enzyme. 

[0048] Тһе disclosure herein sets forth embodiments for 
methods to prepare an avian food product made from avian 
derived cells grown in vitro. The avian food product is an 
edible food product. 


Cells 


[0049] Provided herein are food products or processes 
comprising cells. In some embodiments, the cells are avian 
cells. In some embodiments, the avian cells are selected 
from, but not limited to: chicken, pheasant, goose, swan, 
pigeon, turkey, and duck. In some embodiments, the cells 
comprise primary avian fibroblast cells. In some embodi- 
ments, the cells comprise secondary avian fibroblast cells. 
[0050] In some embodiments, the cells are UMNSAH/ 
DF1 (CIF) cells. In certain embodiments, the cells are a 
commercially available chicken cell line deposited at Ameri- 
can Type Culture Collection (ATCC, Manassas, Va., USA) 
on Oct. 11, 1996. In some embodiments, the cells used are 
derived from ATCC deposit number CRL12203. 
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[0051] In some embodiments, the avian cell lines have a 
spontaneously immortalized fibroblast phenotype. In some 
embodiments, the avian cell lines have high proliferation 
rates. Іп certain embodiments, the cells have both an immor- 
talized fibroblast phenotype and high proliferation rates. 
[0052] In some embodiments, the cells are not recombi- 
nant or engineered in any way (i.e., non-GMO). In some 
embodiments, the cells have not been exposed to any viruses 
and/or viral DNA. In certain embodiments, the cells are both 
not recombinant or have not been exposed to any viruses 
and/or viral DNA and/or RNA. 


Culture Media and Growth 


[0053] In some embodiments, proliferation occurs in sus- 
pension or adherent conditions, with or without feeder-cells 
and/or in serum-containing or serum-free media conditions. 
In some embodiments, media for proliferation contains one 
or more of amino acids, peptides, proteins, carbohydrates, 
essential metals, minerals, vitamins, buffering agents, anti- 
microbial agents, growth factors, and/or additional compo- 
nents. 

[0054] In some embodiments, proliferation is measured by 
any method known to one skilled in the art. In some 
embodiments, proliferation is measured through direct cell 
counts. In certain embodiments, proliferation is measured by 
a haemocytometer. In some embodiments, proliferation is 
measured by automated cell imaging. In certain embodi- 
ments, proliferation is measured by a Coulter counter. 
[0055] In some embodiments, proliferation is measured by 
using viability stains. In certain embodiments, the stains 
used comprise trypan blue. 

[0056] In some embodiments, proliferation is measured by 
the total DNA. In some embodiments, proliferation is mea- 
sured by BrdU labelling. In some embodiments, prolifera- 
tion is measured by metabolic measurements. In certain 
embodiments, proliferation is measured by using tetrazo- 
lium salts. In certain embodiments, proliferation is measured 
by ATP-coupled luminescence. 

[0057] Іп some embodiments, the culture media is basal 
media. In some embodiments, the basal media is DMEM, 
DMEM/F12, MEM, HAMS's F10, HAM's F12, IMDM, 
McCoy's Media and RPMI. 

[0058] In some embodiments, the basal media comprises 
amino acids. In some embodiments, the basal media com- 
prises biotin. In some embodiments, the basal media com- 
prises choline chloride. In some embodiments, the basal 
media comprises D-calcium pantothenate. In some embodi- 
ments, the basal media comprises folic acid. In some of 
embodiments, the basal media comprises niacinamide. In 
some embodiments, the basal media comprises pyridoxine 
hydrochloride. In some embodiments, the basal media com- 
prises riboflavin. In some embodiments, thiamine hydro- 
chloride is part of the basal media (DMEM/F12). In some 
embodiments, the basal media comprises vitamin B12 (also 
known as cyanocobalamin). In some embodiments, the basal 
media comprises i-inositol (myo-inositol). In some embodi- 
ments, the basal media comprises calcium chloride. In some 
embodiments, the basal media comprises cupric sulfate. In 
some embodiments, the basal media comprises ferric nitrate. 
In some embodiments, the basal media comprises magne- 
sium chloride. In some embodiments, the basal media com- 
prises magnesium sulfate. In some embodiments, the basal 
media comprises potassium chloride. In some embodiments, 
the basal media comprises sodium bicarbonate. In some 
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embodiments, the basal media comprises sodium chloride. 
In some embodiments, the basal media comprises sodium 
phosphate dibasic. In some embodiments, the basal media 
comprises sodium phosphate monobasic. In some embodi- 
ments, the basal media comprises zinc sulfate. Іп some 
embodiments, the growth medium comprises sugars. In 
some embodiments, the sugars include but are not limited to 
D-glucose, galactose, fructose, mannose, or any combina- 
tion thereof. In an embodiment, the sugars includes both 
D-glucose and mannose. In embodiments where glucose and 
mannose are both used in the growth medium to cultivate 
cells, the amount of glucose in the growth medium (culti- 
vation media) is between 0.1-10 g/L, 0.1-9 g/L, 0.1-8 g/L, 
0.1-7 g/L, 0.1-6 g/L, 0.1-5 g/L, 0.1-4 g/L, 0.1-3 g/L, 0.1-2 
g/L, 0.1-1 g/L, 0.5-10 g/L, 0.5-9 g/L, 0.5-8 g/L, 0.5-7 g/L, 
0.5-6 g/L, 0.5-5 g/L, 0.5-4 g/L, 0.5-3 g/L, 0.5-2 g/L, 0.5-1 
g/L, 1-10 g/L, 1-9 g/L, 1-8 g/L, 1-9 g/L, 1-8 g/L, 1-7 g/L, 1-6 
g/L, 1-5 g/L, 1-4 g/L, 1-3 g/L, 1-2 g/L, 2-10 g/L, 2-9 g/L, 2-8 
g/L, 2-9 g/L, 2-8 g/L, 2-7 g/L, 2-6 g/L, 2-5 g/L, 2-4 g/L, 2-3 
g/L, 3-10 g/L, 3-9 g/L, 3-8 g/L, 3-9 g/L, 3-8 g/L, 3-7 g/L, 3-6 
g/L, 3-5 g/L, 3-4 g/L, 4-10 g/L, 4-9 g/L, 4-8 g/L, 4-9 g/L, 4-8 
g/L, 4-7 g/L, 4-6 g/L, 4-5 g/L, 5-10 g/L, 5-9 g/L, 5-8 g/L, 5-9 
g/L, 5-8 g/L, 5-7 g/L, or 5-6 g/L, and the amount of mannose 
in the growth media is between 0.1-10 g/L, 0.1-9 g/L, 0.1-8 
g/L, 0.1-7 g/L, 0.1-6 g/L, 0.1-5 g/L, 0.1-4 g/L, 0.1-3 g/L, 
0.1-2 g/L, 0.1-1 g/L, 0.5-10 g/L, 0.5-9 g/L, 0.5-8 g/L, 0.5-7 
g/L, 0.5-6 g/L, 0.5-5 g/L, 0.5-4 g/L, 0.5-3 g/L, 0.5-2 g/L, 
0.5-1 g/L, 1-10 g/L, 1-9 g/L, 1-8 g/L, 1-9 g/L, 1-8 g/L, 1-7 
g/L, 1-6 g/L, 1-5 g/L, 1-4 g/L, 1-3 g/L, 1-2 g/L, 2-10 g/L, 2-9 
g/L, 2-8 g/L, 2-9 g/L, 2-8 g/L, 2-7 g/L, 2-6 g/L, 2-5 g/L, 2-4 
g/L, 2-3 g/L, 3-10 g/L, 3-9 g/L, 3-8 g/L, 3-9 g/L, 3-8 g/L, 3-7 
g/L, 3-6 g/L, 3-5 g/L, 3-4 g/L, 4-10 g/L, 4-9 g/L, 4-8 g/L, 4-9 
g/L, 4-8 g/L, 4-7 g/L, 4-6 g/L, 4-5 g/L, 5-10 g/L, 5-9 g/L, 5-8 
g/L, 5-9 g/L, 5-8 g/L, 5-7 g/L, or 5-6 g/L. The skilled worker 
will understand that combinations of these amounts of 
glucose and mannose can be used, for example, between 2-5 
grams of glucose and 1-4 grams of mannose. 

[0059] In some embodiments, the basal media comprises 
linoleic acid. In some embodiments, the basal media com- 
prises lipoic acid. In some embodiments, the basal media 
comprises putrescine-2HCl. In some embodiments, the basal 
media comprises 1,4 butanediamine. In some embodiments, 
the basal media comprises Pluronic F-68. In some embodi- 
ments, the basal media comprises fetal bovine serum. In 
certain embodiments, the basal media comprises each ingre- 
dient in this paragraph. In certain embodiments, the basal 
media is DMEM/F12. 

[0060] In some embodiments, the growth medium com- 
prises serum. In some embodiments, the serum is selected 
from bovine calf serum, chicken serum, and any combina- 
tion thereof. 

[0061] In some embodiments, the growth medium com- 
prises at least 10% fetal bovine serum. In certain embodi- 
ments, the population of avian fibroblast cells are grown in 
a medium with at least 10% fetal bovine serum, followed by 
a reduction to less than 2% fetal bovine serum before 
recovering the cells. 

[0062] In another embodiment, the culture media contains 
no serum including fetal bovine serum, fetal calf serum, or 
any animal derived serum. 

[0063] In certain embodiments, the fetal bovine serum is 
reduced to less than or equal to 1.9% fetal bovine serum 
before recovering the cells. In certain embodiments, the fetal 
bovine serum is reduced to less than or equal to 1.7% fetal 
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bovine serum before recovering the cells. In certain embodi- 
ments, the fetal bovine serum is reduced to less than or equal 
to 1.596 fetal bovine serum before recovering the cells. In 
certain embodiments, the fetal bovine serum is reduced to 
less than or equal to 1.3% fetal bovine serum before recov- 
ering the cells. In certain embodiments, the fetal bovine 
serum is reduced to less than or equal to 1.196 fetal bovine 
serum before recovering the cells. In certain embodiments, 
the fetal bovine serum is reduced to less than or equal to 
0.996 fetal bovine serum before recovering the cells. In 
certain embodiments, the fetal bovine serum is reduced to 
less than or equal to 0.7% fetal bovine serum before recov- 
ering the cells. In certain embodiments, the fetal bovine 
serum is reduced to less than or equal to 0.596 fetal bovine 
serum before recovering the cells. In certain embodiments, 
the fetal bovine serum is reduced to less than or equal to 
0.396 fetal bovine serum before recovering the cells. In 
certain embodiments, the fetal bovine serum is reduced to 
less than or equal to 0.196 fetal bovine serum before recov- 
ering the cells. In certain embodiments, the fetal bovine 
serum is reduced to less than or equal to 0.05% fetal bovine 
serum before recovering the cells. In certain embodiments, 
the fetal bovine serum is reduced to about 096 fetal bovine 
serum before recovering the cells. 

[0064] Іп some embodiments, the basal media is DMEM/ 
F12 and is in a ratio of 3:1; 2:1; or 1:1. In certain embodi- 
ments, the basal media is DMEM/F12 and in a ratio of about 
3:1. In certain embodiments, the basal media is DMEM/F12 
and in a ratio of about 2:1. In certain embodiments, the basal 
media is DMEM/F12 and in a ratio of about 1:1. 

[0065] In some embodiments, the growth media is modi- 
fied in order to optimize the expression of at least one gene 
from a cell signaling pathway selected from the group 
consisting of proteasome, steroid biosynthesis, amino acid 
degradation, amino acid biosynthesis, drug metabolism, 
focal adhesion, cell cycle, MAPK signaling, glutathione 
metabolism, TGF-beta, phagosome, terpenoid biosynthesis, 
DNA replication, glycolysis, gluconeogenesis, protein 
export, butanoate metabolism, and synthesis and degrada- 
tion of ketone bodies. 

[0066] Insome embodiments, the steps of producing avian 
fibroblast are monitored for gene expression of one or more 
cell signaling pathways. In certain embodiments, the growth 
media is adjusted at each stage of cell production in accor- 
dance with data obtained from the monitoring of gene 
expression. 

[0067] In some embodiments, the avian fibroblast cells are 
induced to accumulate lipids by adding or removing one or 
more compounds to or from the growth media in quantities 
sufficient to induce the accumulation of one or more lipids. 
[0068] Іп some embodiments, опе or more of the mainte- 
nance, proliferation, differentiation, lipid accumulation, 
lipid content, proneness to purification and/or harvest effi- 
ciency, growth rates, cell densities, cell weight, resistance to 
contamination, avian fibroblast-specific gene expression 
and/or protein secretion, shear sensitivity, flavor, texture, 
color, odor, aroma, gustatory quality, nutritional quality, 
minimized growth-inhibitory byproduct secretion, and/or 
minimized media requirements, of avian fibroblast cells, in 
any culture conditions, are improved by one or more of 
growth factors, proteins, peptides, fatty acids, elements, 
small molecules, plant hydrosylates, directed evolution, 
genetic engineering, media composition, bioreactor design, 
and/or scaffold design. In certain embodiments, the fatty 
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acids comprise stearidonic acid (SDA). In certain embodi- 
ments, the fatty acids comprise linoleic acid. In certain 
embodiments, the growth factor comprises insulin or insulin 
like growth factor. In certain embodiments, the growth 
factor comprises fibroblast growth factor or the like. In 
certain embodiments, the growth factor comprises epidermal 
growth factor or the like. In certain embodiments, the 
protein comprises transferrin. In certain embodiments, the 
element comprises selenium. In certain embodiments, a 
small molecule comprises ethanolamine. The amount of 
ethanolamine used in the cultivations is between 0.05-10 
mg/L, 0.05-10 mg/L, 0.1-10 mg/L, 0.1-9.5 mg/L, 0.1-9 
mg/L, 0.1-8.5 mg/L, 0.1-8.0 mg/L, 0.1-7.5 mg/L, 0.1-7.0 
mg/L, 0.1-6.5 mg/L, 0.1-6.0 mg/L, 0.1-5.5 mg/L, 0.1-5.0 
mg/L, 0.1-4.5 mg/L, 0.1-4.0 mg/L, 0.1-3.5 mg/L, 0.1-3.0 
mg/L, 0.1-2.5 mg/L, 0.1-2.0 mg/L, 0.1-1.5 mg/L, and 0.1- 
1.0 mg/L. 


[0069] Іп certain embodiments, the media can be supple- 
mented with plant hydrolysates. In certain embodiments, the 
hydrolysates comprise yeast extract, wheat peptone, rice 
peptone, phytone peptone, yeastolate, pea peptone, soy 
peptone, pea peptone, potato peptone, mung bean protein 
hydrolysate, or sheftone. The amount of hydrolysate used in 
the cultivations is between 0.1 g/L to 5 g/L, between 0.1 g/L 
to 4.5 g/L, between 0.1 g/L to 4 g/L, between 0.1 g/L to 3.5 
g/L, between 0.1 g/L to 3 g/L, between 0.1 g/L to 2.5 g/L, 
between 0.1 g/L to 2 g/L, between 0.1 g/L to 1.5 g/L, 
between 0.1 g/L to 1 g/L, or between 0.1 g/L to 0.5 g/L. 


[0070] Іп some embodiments, a small molecule comprises 
lactate dehydrogenase inhibitors. As described in the 
Examples below, lactate dehydrogenase inhibitors inhibit 
the formation of lactate. The production of lactate by avian 
cells inhibit the growth of the cells. Exemplary lactate 
dehydrogenase inhibitors are selected from the group con- 
sisting of oxamate, galloflavin, gossypol, quinoline 3-sulfo- 
namides, N-hydroxyindole-based inhibitors, and FX11. In 
some embodiments, the amount of lactate dehydrogenase 
inhibitor in the fermentation medium is between 1-500 mM, 
1-400 mM, 1-300 mM, 1-250 mM, between 1-200 mM, 
1-175 mM, 1-150 mM, 1-100 mM, 1-50 mM, 1-25 mM, 
25-500 mM, 25-400 mM, 25-300 mM, 25-250 mM, 25-200 
mM, 25-175 mM, 25-125M, 25-100 mM, 25-75 mM, 25-50 
mM, 50-500 mM, 50-400 mM, 50-300 mM, 50-250 mM, 
50-200 mM, 50-175 mM, 50-150 mM, 50-125 mM, 50-100 
mM, 50-75 mM, 75-500 mM, 75-400 mM, 75-300 mM, 
75-250 mM, 75-200 mM, 75-175 mM, 75-150 mM, 75-125 
mM, 75-100 mM, 100-500 mM, 100-400 mM, 100-300 
mM, 100-250 mM, 100-200 mM, 100-150 mM, 100-125 
mM, and 100-500 mM. 


[0071] Insome embodiments, the avian fibroblast cells are 
grown in a suspension culture system. In some embodi- 
ments, the avian fibroblast cells are grown in a batch, 
fed-batch, semi continuous (fill and draw) or perfusion 
culture system or some combination thereof. When grown in 
suspension culture, the suspension culture can be performed 
in a vessel (fermentation tank, bioreactor)) of a desired size. 
The vessel is a size that is suitable for growth of avian cells 
without unacceptable rupture of the cells. In some embodi- 
ments, the suspension culture system can be performed in 
vessel that is at least 25 liters (L), 50 L, 100 L, 200 L, 250 
L, 350 L, 500 liters (L), 1000 L, 2,500 L, 5,000 L, 10,000 
L, 25,000 L, 50,000 L, 100,000 L, 200,000 L, 250,000 L, or 
500,000 L. For smaller suspension cultures, the cultivation 
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of the cells can be performed in a flask that 15 least 125 mL, 
250 mL, 500 mL, 1L, 1.5 L, 2 L, 2.5 L, 3L, 5 L, 10 L, or 
larger. 


[0072] In some embodiments, the cell density of the 
suspension culture is between 0.25x10$ cells-ml, 0.5x10$ 
cells/ml and 1.0x10° cells/ml, between 1.0x10$ cells/ml and 
2.0х109 cells/ml, between 2.0x10° cells/ml and 3.0x10° 
cells/ml, between 3.0x10° cells/ml and 4.0x10° cells/ml, 
between 4.0x10° cells/ml and 5.0x10$ cells/ml, between 
5.0x10° cells/ml and 6.0x10° cells/ml, between 6.0x10° 
cells/ml and 7.0x10° cells/ml, between 7.0x10° cells/ml and 
8.0x10° cells/ml, between 8.0x10° cells/ml and 9.0x10° 
cells/ml, between 9.0x10° cells/ml and 10x10° cells/ml, 
between 10x10$ cells/ml and 15.0xx10° cells/ml, between 
15xx10 cells/ml and 20xx10° cells/ml, between 20xx10° 
cells/ml and 25x10° cells/ml, between 25x10° cells/ml and 
30x10° cells/ml, between 30x10° cells/ml and 35x10° cells/ 
ml, between 35x10° cells/ml and 40x10° cells/ml, between 
40х106 cells/ml and 45x106 cells/ml, between 45x106 cells/ 
ml and 50x10? cells/ml, between 50x10$ cells/ml and 
55x106 cells/ml, between 55x10° cells/ml and 60x10° cells/ 
ml, between 60x10° cells/ml and 65x10 cells/ml, between 
70x10 cells/ml and 75x10? cells/ml, between 75x10° cells/ 
ml and 80x10° cells/ml, between 85x10° cells/ml and 
90x10 cells/ml, between 90x10° cells/ml and 95x10% cells/ 
ml, between 95x10 cells/ml and 100x106 cells/ml, between 
100х105 cells/ml and 125х105 cells/ml, or between 125x10° 
cells/ml and 150x10° cells/ml. 


[0073] In some embodiments, the avian fibroblast cells are 
grown while embedded in scaffolds or attached to scaffold- 
ing materials. In some embodiments, the avian fibroblast 
cells are differentiated or proliferated in a bioreactor and/or 
on a scaffold. In some embodiments, the scaffold comprises 
at least one or more of a microcarrier, an organoid and/or 
vascularized culture, self-assembling co-culture, a mono- 
layer, hydrogel scaffold, decellularized avian fibroblasts 
and/or an edible matrix. In some embodiments, the scaffold 
comprises at least one of plastic and/or glass or other 
material. Іп some embodiments, the scaffold comprises 
natural-based (biological) polymers chitin, alginate, chon- 
droitin sulfate, carrageenan, gellan gum, hyaluronic acid, 
cellulose, collagen, gelatin, and/or elastin. In some embodi- 
ments, the scaffold comprises a protein or a polypeptide, or 
a modified protein or modified polypeptide. The unmodified 
protein or polypeptide or modified protein or polypeptide 
comprises proteins or polypeptides isolated from plants or 
other organisms. Exemplary plant protein isolates or plant 
protein concentrates comprise pulse protein, vetch protein, 
grain protein, nut protein, macroalgal protein, microalgal 
protein, and other plant proteins. Pulse protein can be 
obtained from dry beans, lentils, mung beans, faba beans, 
dry peas, chickpeas, cowpeas, bambara beans, pigeon peas, 
lupins, vetches, adzuki, common beans, fenugreek, long 
beans, lima beans, runner beans, or tepary beans, soybeans, 
or mucuna beans. Vetch protein can be obtained from the 
genus Vicia. Grain protein can be obtained from wheat, rice, 
teff, oat, corn, barley, sorghum, rye, millet, triticale, ama- 
ranth, buckwheat, quinoa and other grains. Nut protein can 
be obtained from almond, cashew, pecan, peanut, walnut, 
macadamia, hazelnut, pistachio, brazil, chestnut, kola nut, 
sunflower seeds, pumpkin seeds, flax seeds, cacao, pine nut, 
ginkgo, and other nuts. Proteins obtained from animal 
source can also be used as scaffolds, including milk proteins, 
whey, casein, egg protein, and other animal proteins. In 
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some embodiments, the self-assembling co-cultures com- 
prise spheroids and/or aggregates. In some embodiments, 
the monolayer is with or without an extracellular matrix. In 
some embodiments, the hydrogel scaffolds comprise at least 
one of hyaluronic acid, alginate and/or polyethylene glycol. 
In some embodiments, the edible matrix comprises decel- 
lularized plant tissue. 

[0074] In some embodiments, either primary or secondary 
avian fibroblast cells are modified or grown as in any of the 
preceding paragraphs. 


Recovery of Cells 


[0075] Тһе cells can be recovered by any technique appar- 
ent to those of skill. In some embodiments the avian 
fibroblast cells are separated from the growth media or are 
removed from a bioreactor or a scaffold. In certain embodi- 
ments, the avian fibroblast cells are separated by centrifu- 
gation, a mechanical/filter press, filtration, flocculation or 
coagulation or gravity settling or drying or some combina- 
tion thereof. In certain embodiments, the filtration method 
comprises tangential flow filtration, vacuum filtration, rotary 
vacuum filtration and similar methods. In certain embodi- 
ments the drying can be accomplished by flash drying, bed 
drying, tray drying and/or fluidized bed drying and similar 
methods. In certain embodiments, the avian fibroblasts are 
separated enzymatically. In certain embodiments, the avian 
fibroblasts are separated mechanically. 


Cell Safety 


[0076] In some embodiments, the population of avian 
fibroblast is substantially pure. 

[0077] In some embodiments, tests are administered at one 
or more steps of cell culturing to determine whether the 
avian fibroblast cells are substantially pure. 

[0078] In some embodiments, the avian fibroblast cells are 
tested for the presence or absence of bacteria. In certain 
embodiments, the types of bacteria tested include, but are 
not limited to: Salmonella enteritidis, Staphylococcus 
aureus, Campylobacter jejunim, Listeria monocytogenes, 
Fecal streptococcus, Mycoplasma genus, Mycoplasma pul- 
monis, Coliforms, and Escherichia coli. 

[0079] In some embodiments, components of the cell 
media, such as Fetal Bovine Serum, are tested for the 
presence or absence of viruses. In certain embodiments, the 
viruses include, but are not limited to: Bluetongue, Bovine 
Adenovirus, Bovine Parvovirus, Bovine Respiratory Syncy- 
tial Virus, Bovine Viral Diarrhea Virus, Rabies, Reovirus, 
Adeno-associated virus, BK virus, Epstein-Barr virus, Hepa- 
titis А virus, Hepatitis В virus, Hepatitis C virus, Herpes 
Simplex 1, Herpes Simplex 2, Herpes virus type 6, Herpes 
virus type 7, Herpes virus type 8, HIVI, HIV-2, HPV-16, 
HPV 18, Human cytomegalovirus, Human Foamy virus, 
Human T-lymphotropic virus, John Cunningham virus, and 
Parvovirus B19. 

[0080] Іп some embodiments, the tests are conducted for 
the presence or absence of yeast and/or molds. 

[0081] In some embodiments, the tests are for metal 
concentrations by mass spectrometry, for example induc- 
tively coupled plasma mass spectrometry (ICP-MS). In 
certain embodiments, metals tested include, but are not 
limited to: arsenic, lead, mercury, cadmium, and chromium. 
[0082] Іп some embodiments, the tests are for hormones 
produced in the culture. In certain embodiments, the hor- 
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mones include, but are not limited: to 17p-estradiol, testos- 
terone, progesterone, zeranol, melengesterol acetate, tren- 
bolone acetate, megestrol acetate, melengesterol acetate, 
chlormadinone acetate, dienestrol, diethylstilbestrol, hex- 
estrol, taleranol, zearalanone, and zeranol. 

[0083] In some embodiments, the tests are in keeping with 
the current good manufacturing process as detailed by the 
United States Food and Drug Administration. 


Phenotyping, Process Monitoring and Data 
Analysis 


[0084] Іп some embodiments, the cells are monitored by 
any technique known to a person of skill in the art. In some 
embodiments, differentiation is measured and/or confirmed 
using transcriptional markers of differentiation after total 
RNA extraction using RT-qPCR and then comparing levels 
of transcribed genes of interest to reference, e.g. housekeep- 
ing, genes. 


Food Composition 


[0085] Іп certain embodiments provided herein are food 
compositions or food products comprising avian fibroblast 
cells. In some embodiments, the avian fibroblast cells are 
combined with other substances or ingredients to make a 
composition that is an avian food product composition. In 
certain embodiments, the avian fibroblast cells are used 
alone to make a composition that is an avian food product 
composition. In certain embodiments, the avian food prod- 
uct composition is a product that resembles: avian nuggets, 
avian tenders, avian breasts, avian oysters, avian feet, avian 
wings, avian sausage, avian feed stock, or avian skin. In 
certain embodiments, the avian product resembles a chicken 
product. 

[0086] Іп some embodiments, the recovered avian fibro- 
blast cells are prepared into a composition with other 
ingredients. In certain embodiments, the composition com- 
prises cell paste, mung bean, fat, and water. 

[0087] Іп certain embodiments, the food composition or 
food product has a wet cell paste content of at least 10096, 
90%, 80%, 75%, 70%, 65%, 60%, 50%, 40%, 30%, 35%, 
25%, 15%, 10%, 5% or 1% by weight. In certain embodi- 
ments, the food composition or food product has a wet cell 
paste content by weight of between 1096-2096, 2096-3096, 
3096-4096, 4096-5096, 6096-7096, 80%-90%, or 90%-100%. 
In certain embodiments, the composition comprises a pulse 
protein content by weight of at least 75%, 70%, 60%, 50%, 
40%, 30%, 25%, 20%, or 1596 by weight. In certain embodi- 
ments, the food composition or food product has a pulse 
protein content by weight of between 1096-2096, 2096-3096, 
3096-4096, 4096-5096, 6096-7096, 8096-9096, or 9096-9595. 
In certain embodiments, the food composition or food 
product comprises a fat content of at least 50%, 40%, 30%, 
25%, 20%, 15%, 10%, 5%, or 1% by weight. In certain 
embodiments, the food composition or food product has а fat 
content by weight of between 1096-2096, 2096-3096, 3096- 
4096, 4096-5096, 6096-7096, 8096-9096, or 9096-9596. In 
certain embodiments, the food composition or food product 
comprises a water content of at least 50%, 40%, 30%, 25%, 
20%, 15%, 10% or 5% by weight. In certain embodiments, 
the food composition or food product has a water content by 
weight of between 1096-2096, 2096-3096, 3096-4096, 40%- 
50%, 6096-7096, 8096-9096, or 90-95%. In certain embodi- 
ments, the food composition or food product comprises a 
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wet cell paste content of between 296-596, 596-1096, 10%- 
1596, 1596-2096, 2096-2596, 2596-3096, 3096-3596, 35%- 
4096, 4096-4596, 4596-5096, 5096-5596, 55960-6096, 65%- 
70%, 7096-7596, 7596-8096, 8096-8596, 8596-9096, or 90%- 
95%. 


[0088] Іп some embodiments, the composition comprises 
a peptide cross-linking enzyme, for example, transglutami- 
nase content between 0.0001-0.0125%. 


[0089] Іп certain embodiments, the food composition or 
food product comprises a dry cell weight content of at least 
of 1% by weight. In certain embodiments, the food compo- 
sition or food product comprises a dry cell weight content of 
at least of 596 by weight. In certain embodiments, the food 
composition or food product comprises a dry cell weight 
content of at least of 1096 by weight. In certain embodi- 
ments, the food composition or food product comprises a dry 
cell weight content of at least of 1596 by weight. In certain 
embodiments, the food composition or food product com- 
prises a dry cell weight content of at least of 2096 by weight. 
In certain embodiments, the food composition or food 
product comprises a dry cell weight content of at least of 
25% by weight. In certain embodiments, the composition or 
food product comprises a dry cell weight of at least of 3096 
by weight. In certain embodiments, the composition or food 
product comprises a dry cell weight of at least of 3596 by 
weight. In certain embodiments, the composition or food 
product comprises a dry cell weight of at least of 40% by 
weight. In certain embodiments, the composition or food 
product comprises a dry cell weight of at least of 4596 by 
weight. In certain embodiments, the composition or food 
product comprises a dry cell weight of at least of 50% by 
weight. In certain embodiments, the composition or food 
product comprises a dry cell weight of at least of 5596 by 
weight. In certain embodiments, the composition or food 
product comprises a dry cell weight of at least of 60% by 
weight. In certain embodiments, the composition or food 
product comprises a dry cell weight of at least of 6596 by 
weight. In certain embodiments, the composition or food 
product comprises a dry cell weight of at least of 7096 by 
weight. In certain embodiments, the composition or food 
product comprises a dry cell weight of at least of 7596 by 
weight. In certain embodiments, the composition or food 
product comprises a dry cell weight of at least of 8096 by 
weight. In certain embodiments, the composition or food 
product comprises a dry cell weight of at least of 8596 by 
weight. In certain embodiments, the composition or food 
product comprises a dry cell weight of at least of 9096 by 
weight. In certain embodiments, the composition or food 
product comprises a dry cell weight of at least of 9596 by 
weight. In certain embodiments, the composition or food 
product comprises a dry cell weight of at least of 9796 by 
weight. In certain embodiments, the composition or food 
product comprises a dry cell weight of at least of 9896 by 
weight. In certain embodiments, the composition or food 
product comprises a dry cell weight of at least of 9996 by 
weight. In certain embodiments, the composition or food 
product comprises a dry cell weight of at least of 10096 by 
weight. In certain embodiments, the food composition or 
food product comprises a dry cell weight content of between 
296-596, 596-1096, 1096-1596, 1596-2096, 2096-2596, 25%- 
3096, 3096-3596, 3596-4096, 4096-4596, 4596-5096, 50%- 
5596, 5596-6096, 6596-7096, 7096-7596, 7596-8096, 80%- 
8596, 8596-9096, or 9096-9596, 
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[0090] Іп certain embodiments, the food composition or 
food product comprises a pulse protein content of at least 
2%, 5%, 10%, 15%, 20%, 25%, 30%, 35%, 40%, 45%, 50%, 
55%, 60%, 65%, 70%, 75%, 80%, 85%, 90% ог 95% by 
weight. In certain embodiments, the food composition or 
food product comprises a pulse protein content of between 
296-596, 596-1096, 1096-1596, 1596-2096, 2096-2596, 25%- 
30%, 3096-3596, 3596-4096, 4096-4596, 4596-5096, 50%- 
5596, 5596-6096, 6596-7096, 7096-7596, 7596-8096, 80%- 
8596, 8596-9096, or 9096-9596, In some embodiments, the 
pulse protein is a mung bean protein. 


[0091] Іп certain embodiments, the food composition or 
food product comprises, a fat content of at least 1% by 
weight, a fat content of at least 2% by weight, а fat content 
of at least 596 by weight, a fat content of at least 7.596 by 
weight, or a fat content of at least 1096 by weight. In certain 
embodiments, the food composition or food product com- 
prises a fat content of at least 15% by weight. In certain 
embodiments, the food composition or food product com- 
prises a fat content of at least 2096 by weight. In certain 
embodiments, the food composition or food product com- 
prises a fat content of at least 2596 by weight. In certain 
embodiments, the food composition or food product com- 
prises a fat content of at least 2796 by weight. In certain 
embodiments, the food composition or food product com- 
prises a fat content of at least 3096 by weight. In certain 
embodiments, the food composition or food product com- 
prises a fat content of at least 3596 by weight. In certain 
embodiments, the food composition or food product com- 
prises a fat content of at least 4096 by weight. In certain 
embodiments, the food composition or food product com- 
prises a fat content of at least 4596 by weight. In certain 
embodiments, the food composition or food product com- 
prises a fat content of at least 5096 by weight. In certain 
embodiments, the food composition or food product com- 
prises a fat content of at least 5596 by weight. In certain 
embodiments, the food composition or food product com- 
prises a fat content of at least 6096 by weight. In certain 
embodiments, the food composition or food product com- 
prises a fat content of at least 6596 by weight. In certain 
embodiments, the food composition or food product com- 
prises а fat content of at least 70% by weight. In certain 
embodiments, the food composition or food product com- 
prises a fat content of at least 7596 by weight. In certain 
embodiments, the food composition or food product com- 
prises a fat content of at least 8096 by weight. In certain 
embodiments, the food composition or food product com- 
prises а fat content of at least 85% by weight. In certain 
embodiments, the food composition or food product com- 
prises а fat content of at least 90% by weight. In some 
embodiments, that food composition or food product com- 
prises a fat content of between 196-596, between 596-1096, 
between 1096-1596, between 1596-2096, between 2096-2595, 
between 2596-3096, between 3096-3596, between 3596-4095, 
between 4596-5096, between 5096-5596, between 5596-6092, 
between 6096-6596, between 6596-7096, between 7096-7596, 
between 7596-8096, between 8096-8596, between 8596-9095, 
or between 9096-9596. 


[0092] In certain embodiments, the food composition or 
food product comprises a water content of at least 596 by 
weight. In certain embodiments, the food composition or 
food product comprises a water content of at least 10% by 
weight. In certain embodiments, the food composition or 
food product comprises a water to an amount of 15% by 
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weight. In certain embodiments, the food composition or 
food product comprises a water content of at least 2096 by 
weight. In certain embodiments, the food composition or 
food product comprises a water content of at least 2596 by 
weight. In certain embodiments, the food composition or 
food product comprises a water content of at least 3096 by 
weight. In certain embodiments, the food composition or 
food product comprises a water content of at least 3596 by 
weight. In certain embodiments, the food composition or 
food product comprises a water content of at least 4096 by 
weight. In certain embodiments, the food composition or 
food product comprises a water content of at least 4596 by 
weight. In certain embodiments, the food composition or 
food product comprises a water content to an amount of 5096 
by weight. In certain embodiments, the food composition or 
food product comprises a water content to an amount of 5596 
by weight. In certain embodiments, the food composition or 
food product comprises a water content to an amount of 6096 
by weight. In certain embodiments, the food composition or 
food product comprises a water content to an amount of 6596 
by weight. In certain embodiments, the food composition or 
food product comprises a water content to an amount of 7096 
by weight. In certain embodiments, the food composition or 
food product comprises a water content to an amount of 7596 
by weight. In certain embodiments, the food composition or 
food product comprises a water content to an amount of 8096 
by weight. In certain embodiments, the food composition or 
food product comprises a water content to an amount of 8596 
by weight. In certain embodiments, the food composition or 
food product comprises a water content to an amount of 9096 
by weight. In certain embodiments, the food composition or 
food product comprises a water content to an amount of 9596 
by weight. 

[0093] Іп one embodiment, the food composition or food 
product comprises a wet cell paste content between 25-75% 
by weight, a mung bean protein content between 15-4596 by 
weight, a fat content between 10-3096 by weight, and a water 
content between 20-5096 by weight. 


[0094] In certain embodiments, the food composition or 
food product comprises peptide cross-linking enzyme. 
Exemplary peptide cross-linking enzymes are selected from 
the group consisting of transglutaminase, sortase, subtilisin, 
tyrosinase, laccase, peroxidase, and lysyl oxidase. In certain 
embodiments, the composition comprises a cross-linking 
enzyme of between 0.0001%-0.025%, 0.0001%-0.020%, 
0.0001%-0.0175%, 0.0001%-0.0150%, 0.0001%-0.0125%, 
0.0001%-0.01%, 0.0001%-0.0075%, 0.0001%-0.005%, 
0.0001%-0.0025%, 0.0001%-0.002%, 0.0001%-0.0015%, 
0.0001%-0.001%, 0.0001%-0.00015% by weight. In certain 
embodiments, the food composition or food product com- 
prises a transglutaminase content between 0.0001%-0. 
025%, 0.0001%-0.020%, 0.0001%-0.0175%, 0.0001%-0. 
0150%, 0.0001%-0.0125%, 0.0001%-0.01%, 0.0001%-0. 
0075%, 0.0001%-0.005%, 0.0001%-0.0025%, 0.0001%-0. 
002%, 0.0001%-0.0015%, 0.0001%-0.001%, 0.0001%-0. 
0001596 by weight. Without being bound by theory, the 
peptide cross-linking enzyme is believed to cross-link the 
pulse or vetch proteins and the peptide cross-linking enzyme 
is believed to cross-link the pulse or vetch proteins to the 
avian cells. 

[0095] Іп one embodiment, the food composition or food 
product comprises 0.000196 to 0.0125% transglutaminase, 
and exhibits reduced or significantly reduced lipoxygenase 
activity or other enzymes which oxidize lipids, as expressed 
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on a volumetric basis relative to cell paste without the 
transglutaminase. More preferably, the food composition or 
food product is essentially free of lipoxygenase or enzymes 
that can oxidize lipids. In some embodiments, a 596, 1096, 
15%, 20%, 25%, 30%, 35%, 40%, 45%, 50%, 55%, 60%, 
65%, 70%, 75%, or 80% reduction in oxidative enzymatic 
activity relative to a composition is observed. Lipoxy- 
genases catalyze the oxidation of lipids that contribute to the 
formation of compounds that impart undesirable flavors to 
compositions. 

[0096] In some embodiments, mung bean protein is 
replaced by plant-based protein comprising protein from 
garbanzo, fava beans, yellow pea, sweet brown rice, rye, 
golden lentil, chana dal, soybean, adzuki, sorghum, sprouted 
green lentil, du pung style lentil, and/or white lima bean. 
[0097] Іп some embodiments, the addition of additional 
edible ingredients can be used to prepare the food compo- 
sition of food product. Edible food ingredients comprise 
texture modifying ingredients such as starches, modified 
starches, gums and other hydrocolloids. Other food ingre- 
dients comprise pH regulators, anti-caking agents, colors, 
emulsifiers, flavors, flavor enhancers, foaming agents, anti- 
foaming agents, humectants, sweeteners, and other edible 
ingredients. 

[0098] Іп certain embodiments, the methods and food 
composition or food product comprise an effective amount 
of an added preservative in combination with the food 
combination. 

[0099] Preservatives prevent food spoilage from bacteria, 
molds, fungi, or yeast (antimicrobials); slow or prevent 
changes in color, flavor, or texture and delay rancidity 
(antioxidants); maintain freshness. In certain embodiments, 
the preservative is one or more of the following: ascorbic 
acid, citric acid, sodium benzoate, calcium propionate, 
sodium erythorbate, sodium nitrite, calcium sorbate, potas- 
sium sorbate, BHA, BHT, EDTA, tocopherols (Vitamin E) 
and antioxidants, which prevent fats and oils and the foods 
containing them from becoming rancid or developing an 
off-flavor. 


Food Process 


[0100] In some embodiments, provided herein are pro- 
cesses for making an avian food product that comprises 
combining pulse protein, cell paste and a phosphate into 
water and heating up the mixture in three steps. In certain 
embodiments, the processes comprise adding phosphate to 
water thereby conditioning the water to prepare conditioned 
water. In certain embodiments, pulse protein is added to the 
conditioned water in order to hydrate the pulse protein to 
prepare hydrated plant protein. In some embodiments, cell 
paste is added to the hydrated plant protein (conditioned 
water to which a plant protein has been added) to produce a 
cell protein mixture. In some embodiments, the plant protein 
is a pulse protein. In some embodiments, the pulse protein 
is a mung bean protein 

[0101] In some embodiments, the phosphate is selected 
from the group consisting of disodium phosphate (DSP), 
sodium hexametaphosphate (SHMP), tetrasodium pyro- 
phosphate (TSPP). In one particular embodiment, the phos- 
phate added to the water is DSP. In some embodiments, the 
amount of DSP added to the water is at least or about 0.01%, 
0.0296, 0.0396, 0.04%, 0.05%, 0.06%, 0.07%, 0.08%, 
0.09%, 0.1%, 0.11%, 0.12%, 0.13%, 0.14%, 0.15%, or 
greater than 0.15%. 
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[0102] In some embodiments, the process comprises 
undergo three heating steps. In some embodiments, the first 
heating step comprises heating the cell and protein mixture 
to a temperature between 40-65° C., wherein seasoning is 
added. In some embodiments, the second step comprises 
maintaining the cell and protein mixture at temperature 
between 40-65° C. for at least 10 minutes, wherein a peptide 
cross-linking enzyme such as transglutaminase is added. In 
some embodiments, the third heating step comprises raising 
the temperature of the cell and protein mixture to a tem- 
perature between 60-85° C., where oil is added to the water. 
In some embodiments, the process comprises a fourth step 
of lowering the temperature to a temperature between 5-15° 
C. to prepare a pre-cooking product. 

[0103] Іп some embodiments, the seasonings are added to 
the first step, second step, third step or the fourth step. In 
some embodiments the seasonings include but are not lim- 
ited to salt, sugar, paprika, onion powder, garlic powder, 
black pepper, white pepper, and natural chicken flavor 
(Vegan). 

[0104] In some embodiments, the oil (fat) added is to the 
first step, second step, third step or the fourth step to prepare 
the pre-cooking product. The oil is selected from the group 
comprising vegetable oil, peanut oil, canola oil, coconut oil, 
olive oil, corn oil, soybean oil, sunflower oil, margarine, 
vegetable shortening, animal oil, butter, tallow, lard, mar- 
garine, or an edible oil. 

[0105] In some embodiments, the pre-cooking product can 
be consumed without additional preparation or cooking, or 
the pre-cooking product can be cooked further, using well- 
known cooking techniques. 

[0106] Insome embodiments, the processes comprise pre- 
paring the avian food product by placement into cooking 
molds. In some embodiments, the processes comprise apply- 
ing a vacuum to the cooking molds effectively changing the 
density and texture of the avian food product. 


[0107] In some embodiments, the avian food product is 
breaded. 
[0108] In some embodiments, the avian food product is 


steamed, boiled, sautéed, fried, baked, grilled, broiled, 
microwaved, dehydrated, cooked by sous vide, pressure 
cooked, or frozen or any combination thereof. 


Plant Protein Isolation 


[0109] This application references and incorporates the 
methods for processing plant protein to produce plant pro- 
tein concentrate and/or plant protein concentrate from US 
Publication No.: WO2013/067453, US 2017/0238590 Al, 
WO2017/143298, WO2017/143301, and U.S. 62/981,890 in 
their entirety. 
[0110] Provided herein are methods for producing a plant 
protein isolate or plant protein concentrate having high 
functionality for a broad range of food applications. In some 
embodiments, the methods for producing the isolate com- 
prise one or more steps selected from: 
[0111] (а) extracting one or more or plant protein proteins 
from a plant protein source in an aqueous solution. In some 
embodiments, the extraction is performed at a pH between 
about 5.0-10.0. 
[0112] (b) purifying protein from the extract using at least 
one of two methods: 

[0113] (4) precipitating protein from the extract at a pH 

near the isoelectric point of a globulin-rich fraction, for 
example a pH between about 5.0-6.0; and/or 
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[0114] (1) fractionating and concentrating protein from 
the extract using filtration methods such as microfil- 
tration, ultrafiltration or chromatography. 

[0115] (c) recovering purified protein isolate. 

[0116] In particular embodiments, the plant protein isolate 
is produced using a series of mechanical processes, with the 
only chemicals used being pH adjusting agents, such as 
sodium hydroxide and citric acid, and optionally ethylene- 
diaminetetraacetic acid (EDTA) to prevent lipid oxidation 
activities affecting the flavor of the isolate. 

[0117] Although the plant protein isolates or plant protein 
concentrates provided herein may be prepared from any 
suitable source of plant protein, where the starting material 
is whole plant material such as whole mung bean, whole 
adzuki bean, pea or other plant material, a first step of the 
methods provided herein typically comprises dehulling the 
raw source material. In some such embodiments, raw beans 
are de-hulled in one or more steps of pitting, soaking, and 
drying to remove the seed coat (husk) and pericarp (bran). 
The de-hulled mung beans are then milled to produce flour 
with a well-defined particle distribution size. In some 
embodiments, the mean particle distribution size is less than 
1000, 900, 800, 700, 600, 500, 400, 300, 200 or 100 um. In 
a particular embodiment, the particle distribution size is less 
than 300 tum to increase the rate and yield of protein during 
the extraction step. The types of mills employed include but 
are not limited to one or a combination of a hammer, pin, 
knife, burr, and air classifying mills. 

[0118] When feasible, air classification of the resultant 
flour may expedite the protein extraction process and 
enhance efficiency of the totality of the process. The method 
employed is to ensure the beans are milled to a particle size 
that is typically less than 45 um, utilizing a fine-grinding 
mill, such as an air classifying mill. The resultant flour is 
then passed through an air classifier, which separates the 
flour into both a coarse and fine fraction. The act of passing 
the flour through the air classifier is intended to concentrate 
the majority of the available protein in the flour into a 
smaller portion of the total mass of the flour. Typical fine 
fraction (high-protein) yields are 5-5096. The fine fraction 
tends to be ofa particle size of less than 20 um; however, this 
may be influenced by growing season and region of the 
original bean. The high-protein fraction typically contains 
150-220% of the protein in the original sample. The resul- 
tant starch-rich byproduct stream also becomes value added, 
and of viable, saleable interest as well. 

[0119] In preferred embodiments, the methods to purify 
plant protein isolate or plant protein concentrate comprise an 
extraction step. In some embodiments of the extraction step, 
an intermediate starting material, for example, bean flour, is 
mixed with aqueous solution to form a slurry. In some 
embodiments, the aqueous solution is water, for example 
soft water. The aqueous extraction includes creating an 
aqueous solution comprising one part of the source of the 
plant protein (e.g., flour) to about, for example, 2 to 15 parts 
aqueous extraction solution. In other embodiments, 5 to 10 
volumes of aqueous extraction solution is used per one part 
of the source of the plant protein. Additional useful ratios of 
aqueous extraction solution to flour include 1:1, 2:1, 4:1, 
6:1, 7:1, 8:1, 9:1, 10:1, 11:1, 12:1, 13:1, 14:1, 15:1 or 
alternatively 1:2, 1:3, 1:4, 1:5, 1:6, 1:7, 1:8, 1:9, 1:10, 1:11, 
1:12, 1:13, 1:14, 1:15. 

[0120] Preferably, the aqueous extraction is performed at 
a desired temperature, for example, about 2-50? C. in a 
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chilled mix tank to form the slurry. In some embodiments, 
the mixing is performed under moderate to high shear. In 
some embodiments, a food-grade de-foaming agent (e.g., 
KFO 402 Polyglycol) is added to the slurry to reduce 
foaming during the mixing process. In other embodiments, 
a de-foaming agent is not utilized during extraction. 
[0121] In some embodiments, sequential extraction with 
multiple stages is performed to improve the extraction. 
[0122] In some embodiments, the sequential extraction is 
performed either in batch mode or continuous mode 
[0123] In some embodiments the sequential extraction is 
performed in current or counter current mode. 

[0124] The pH of the slurry is adjusted with a food-grade 
5096 sodium hydroxide solution to reach the desired extrac- 
tion pH for solubilization of the target protein into the 
aqueous solution. In some embodiments, the extraction is 
performed at a pH between about 5-10.0. In other embodi- 
ments, the extraction is performed at neutral or near neutral 
pH. In some embodiments, the extraction is performed at a 
pH of about pH 5.0-pH 9, pH 6.0-pH 8.5 or more preferably 
pH 6.5-pH 8. In a particular embodiment, the extraction is 
performed at a pH of about 6.5, 6.6, 6.7, 6.8, 6.9, 7.0, 7.1, 
7.2, 7.3, 7.4, 7.5, 7.6, 7.7, 7.8, 7.9, 8.0, 8.1, 8.2, 8.3, 8.4, 8.5, 
8.6, 8.7, 8.8, 8.9, 9.0, 9.1, 9.2, 9.3, 9.4, 9.5, 9.6, 9.7, 9.8, 9.9, 
or 10.0. In a particular embodiment, the extraction is per- 
formed at a pH of about 7.0. 

[0125] Following extraction, the solubilized protein 
extract is separated from the slurry, for example, in a 
solid/liquid separation unit, consisting of a decanter and a 
disc-stack centrifuge. The extract is centrifuged at a low 
temperature, preferably between 3-10° C. The extract is 
collected, and the pellet is resuspended, preferably in 3:1 
water-to-flour. The pH is adjusted again and centrifuged. 
Both extracts are combined and filtered through using a 
Nylon mesh. 

[0126] Optionally, the protein extract is subjected to a 
carbon adsorption step to remove non-protein, off-flavor 
components, and additional fibrous solids from the protein 
extraction. This carbon adsorption step leads to a clarified 
protein extract. In one embodiment of a carbon adsorption 
step, the protein extract is then sent through a food-grade 
granular charcoal-filled annular basket column (<5% w/w 
charcoal-to-protein extract ratio) at 4 to 8° C. 

[0127] In some embodiments, following extraction and 
optionally carbon adsorption, the clarified protein extract is 
acidified with a food-safe acidic solution to reach its iso- 
electric point under chilled conditions (e.g., 2 to 8° C.). 
Under this condition, the target protein precipitates and 
becomes separable from the aqueous solution. Іп some 
embodiments, the pH of the aqueous solution is adjusted to 
approximately the isoelectric point of at least one of the one 
or more globulin-type proteins in the protein-rich fraction, 
for example, mung bean 8S/beta conglycinin. In some 
embodiments, the pH is adjusted from an aqueous solution 
comprising the protein extract which has an initial pH of 
about 5.0-10.0 prior to the adjusting step. In some embodi- 
ments, the pH is adjusted to about 5.0 to 6.5. In some 
embodiments, the pH is adjusted to about 5.2-6.5, 5.3 to 6.5, 
5.4 to 6.5, 5.5 to 6.5, or 5.6 to 6.5. In some embodiments, the 
pH is adjusted to about 5.2-6.0, 5.3 to 6.0, 5.4 to 6.0, 5.5 to 
6.0, or 5.6 to 6.0. In certain embodiments, the pH is adjusted 
to about pH 5.4-5.8. Іп some embodiments, the pH is 
adjusted to about 5.2, 5.3, 5.4, 5.5, 5.6, 5.7, 5.8, 5.9, 6.0, 6.1, 
or 6.2. 
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[0128] Ina preferred embodiment of the methods provided 
herein, for mung bean protein purification, the pH is 
adjusted, and precipitation of desired mung bean proteins is 
achieved, to a range of about pH 5.6 to pH 6.0. Without 
being bound by theory, it is believed that isoelectric pre- 
cipitation at a range of about pH 5.6 to pH 6.0 yields a 
superior mung bean protein isolate, with respect to one or 
more qualities selected from protein yield, protein purity, 
reduced retention of small molecular weight non-protein 
species (including mono and disaccharides), reduced reten- 
tion of oils and lipids, structure building properties such as 
high gel strength and gel elasticity, superior sensory prop- 
erties, and selective enrichment of highly functional 8S 
globulin/beta conglycinin proteins. These unexpectedly 
superior features of mung bean protein isolates or mung 
bean protein concentrates prepared by the methods provided 
herein are described, for example, in Examples 6 and 8 of 
US Publication No.: US 2017/0238590 A1. As demonstrated 
by the results described in Example 6 of US2017/0238590 
А1, mung bean protein isolates that underwent acid precipi- 
tations at a pH range of about pH 5.6 to pH 6.0 demonstrated 
superior qualities with respect to protein recovery (in com- 
parison to recovery of small molecules), gelation onset 
temperature, gel strength, gel elasticity, and sensory prop- 
erties, in comparison to mung bean protein isolates that 
underwent acid precipitations at a pH below pH 5.6. Mung 
bean protein isolates that underwent acid precipitations at a 
pH range of about pH 5.2 to pH 5.8 also demonstrated 
substantially lower lipid retention when compared to mung 
bean protein isolates that underwent acid precipitations 
outside this range. 


[0129] Suitable food-grade acids to induce protein pre- 
cipitation include but are not limited to malic, lactic, hydro- 
chloric acid, and citric acid. In a particular embodiment, the 
precipitation is performed with a 2096 food-grade citric acid 
solution. In other embodiments, the precipitation is per- 
formed with a 40% food-grade citric acid solution. 


[0130] In some embodiments, in addition to the pH adjust- 
ment, EDTA, for example, 2 mM of food-grade EDTA, is 
added to the precipitation solution to inhibit lipid oxidation 
in order to produce off-flavor compounds. 


[0131] Іп alternative embodiments, the precipitation step 
comprises isoelectric precipitation at pH 5.6 combined with 
cryo-precipitation (at 1-4? C.), wherein the pH is adjusted to 
5.4-5.8. 


[0132] In another alternative embodiment, low ionic 
strength precipitation at high flow rates is combined with 
cryo-precipitation (at 1-4° C.). In some such embodiments, 
rapid dilution of the filtrate is performed in cold (1-4° C.) 
0.3% NaCl at a ratio of 1 volume of supernatant to 3 
volumes of cold 0.3% NaCl. Additional resuspension and 
homogenization steps ensure production of desired protein 
isolates. 


[0133] In some embodiments, the precipitated protein 
slurry is then removed from the pH-adjusted aqueous solu- 
tion and sent to a solid/liquid separation unit (for example, 
a one disc-stack centrifuge). In some embodiments of the 
methods, the separation occurs with the addition of 0.3% 
(w/w) food-grade sodium chloride, and a protein curd is 
recovered in the heavy phase. In preferred embodiments the 
protein curd is washed with 4 volumes of soft water under 
chilled conditions (2 to 8° C.), removing final residual 
impurities such as fibrous solids, salts, and carbohydrates. 
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[0134] In some embodiments of the methods, filtration is 
used as an alternative, or an addition to, acid precipitation. 
Without being bound by theory, it is believed that while acid 
precipitation of the protein aids to remove small molecules, 
alternative methods such as ultra-filtration (UF) аге 
employed to avoid precipitation/protein aggregation events. 
Thus, in some embodiments, purifying the protein-rich 
fraction to obtain the mung bean protein isolate or mung 
bean protein concentrate comprises performing a filtration, 
microfiltration or ultrafiltration procedure utilizing at least 
one selective membrane. 


[0135] The ultrafiltration process utilizes at least one semi- 
permeable selective membrane that separates a retentate 
fraction (containing materials that do not pass through the 
membrane) from a permeate fraction (containing materials 
that do pass through the membrane). The semi-permeable 
membrane separates materials (e.g., proteins and other com- 
ponents) based on molecular size. For example, the semi- 
permeable membrane used in the ultrafiltration processes of 
the present methods may exclude molecules (i.e., these 
molecules are retained in the retentate fraction) having a 
molecular size of 10 kDa or larger. In some embodiments, 
the semi-permeable membrane may exclude molecules (e.g., 
pulse proteins) having a molecular size of 25 kDa or larger. 
In some embodiments, the semi-permeable membrane 
excludes molecules having a molecular size of 50 kDa or 
larger. In various embodiments, the semi-permeable mem- 
brane used in the ultrafiltration process of the methods 
discussed herein excludes molecules (e.g., pulse proteins) 
having a molecular size greater than 5 kDa, 10 kDa, 15 kDa, 
20 kDa, 25 kDa, 30 kDa, 35 kDa, 40, kDa, 45 kDa, 50 kDa, 
55 kDa, 60 kDa, 65 kDa, 70 kDa, 75 kDa, 80 kDa, 85 kDa, 
90 kDa, or 95 kDa. For example, a 10 kDa membrane allows 
molecules, including pulse proteins, smaller than 10 kDa in 
size to pass through the membrane into the permeate frac- 
tion, while molecules, including pulse proteins, equal to or 
larger than 10 kDa are retained in the retentate fraction. 


[0136] In some embodiments, the washed protein curd 
solution resulting from acid precipitation and separation is 
pasteurized in a high temperature/short time pasteurization 
step to kill any pathogenic bacteria present in the solution. 
In a particular embodiment, pasteurization is performed at 
749 C. for 20 to 23 seconds. In particular embodiments 
where a dry isolate is desired, the pasteurized solution is 
passed through a spray dryer to remove any residual water 
content. The typical spray drying conditions include an inlet 
temperature of 170? C. and an outlet temperature of 70? C. 
The final dried protein isolate powder typically has less than 
596 moisture content. In some embodiments of the methods 
described herein, the pasteurization is omitted, to maintain 
broader functionality of the protein isolate. 


[0137] The following non-limiting methods are provided 
to further illustrate the embodiments of the invention dis- 
closed herein. It should be appreciated by those of skill in the 
art that the techniques disclosed in the examples that follow 
represent approaches that have been found to function well 
in the practice of several embodiments of the invention, and 
thus be considered to constitute examples of modes for its 
practice. However, those of skill in the art should, in light of 
the present disclosure, appreciate that many changes can be 
made in the specific embodiments that are disclosed and still 
obtain a like or similar result without departing from the 
spirit and the scope of the invention. 
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EXAMPLES 


Example 1: Culturing Cells 


[0138] Cells are daughter cell lines derived from the 
commercially available chicken cell line UMNSAH/DFI 
(CIF is the Applicant's internal designation of the cells), 
deposited at American Type Culture Collection (ATCC, 
Manassas, Va., USA) on Oct. 11, 1996. 


[0139] Media formulation is a basal media (DMEM/F12) 
comprising amino acids, vitamins, inorganic salts and other 
components supplemented with FBS or BCS (bovine calf 
serum). 


Creation of Master Working Cell Banks (MCWB) 


[0140] A single vial of cells was retrieved from the CIF 
master cell bank (MCB) to establish CIF MWCB. Briefly, a 
СЛЕ MCB cryovial was removed from the liquid nitrogen 
storage and immediately placed into a 37? C. water bath. The 
cell suspension was quickly thawed by gently swirling the 
vial. CIF cell suspension was gradually transferred into 15 
mL conical tubes containing 10 mL of pre-warmed culture 
media in a laminar flow hood. The resultant diluted C1F cell 
suspension was centrifuged for 5 min at 300xg. The super- 
natant was aseptically aspirated without disturbing the cell 
pellet. CIF cells were gently resuspended in culture media 
and transferred into a 250 mL spin culture flask with a final 
working volume of 50 mL. Cell density and viability post- 
thawing were determined to monitor СІР health and for 
quality control of the established MCB. 


[0141] CIF cells were cultured under agitation at 125 rpm 
for a total of 9 days and four steps of scale-up. First, the cells 
were cultured for 2 days at 37? C. in a humidified incubator 
with 596 СО.. The culture was then centrifuged at 300xg for 
5 min. Culture supernatant was decanted and СЛЕ cell pellet 
was resuspended in fresh media and seeded in a final volume 
of 130 mL in a 500 mL shaking flask. Second, CIF cells 
were cultured under agitation at 125 rpm for additional 2 
days at 37° C. in a humidified incubator with 5% СО». The 
culture was then centrifuged again at 300xg for 5 min; the 
cell pellet was resuspended in fresh media to a final volume 
of 340 mL of media in a 1 L shaking flask. Finally, after two 
days of culture, cell culture was collected and centrifuged at 
300xg for 5 min; C1F cell pellet resuspended in fresh media 
for a final working volume of 880 mL in a 2 L shaking flask. 
СІЕ cells were cultured for 2 days under the same condi- 
tions, centrifuged at 300xg for 5 min; and the cell pellet was 
resuspended in fresh media to a final volume of 2.3 L in a 
5 L shaking flask. CIF cell culture was placed for 1 
additional day under agitation in a humidified incubator with 
596 CO, and harvested for creation of MWCB. 


[0142] CIF cells in the final expansion culture were col- 
lected and centrifuged at 300xg for 5 min. Cells were 
resuspended in lower volume of culture media and concen- 
trated CIF cells were sampled and counted using semi- 
automated cell counting system (Vi-Cell). СЛЕ cells went 
through another centrifugation cycle of 300xg for 5 min and 
were resuspended in cryopreservation media (with 1096 
DMSO) in a range of 20-25 million cell/mL. Cells were 
frozen in bar-coded cryovials at a rate of -1° C./min from 4? 
C. to -80? C. during a 16 to 24-hour period in isopropanol 
chambers. Cells were then transferred and stored in a vapor 
phase liquid nitrogen storage system (Taylor Wharton 
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(<-175° C.)). Vial content and banked storage position were 
recorded in a controlled database. 

[0143] CGMP chain of custody documentation (vial iden- 
tity confirmation) was utilized to ensure the appropriate 
vial(s) are retrieved from the MWCB for cell bank release 
testing and cultured meat production. 


Example 2: Cultured Chicken Production 


[0144] Single-use disposable systems are used for seed 
expansion and cell growth in the exemplary manufacturing 
process. The disposal systems with long contact time with 
the culture media include shake flasks, Wave Bags, media 
hold bags and stirred tank bioreactor bags for the large-scale 
500 L bioreactors. FIG. 1 depicts a process diagram for cell 
culturing avian fibroblast cells. FIG. 2 depicts a process 
diagram for harvesting cells. 

[0145] Seed expansion begins by thawing vials of cells 
from the MWCB and are cultured in a 500 mL shake flask 
with 100 mL of working volume. DMEM/F 12 with 5% FBS 
is used in seed expansion. The culture is then split 1:3 to 1:6 
and seeded into 1 L shaking flask with a working volume of 
300 mL. 

[0146] Тһе scale-up culture of CIF cells in large shake 
flasks proceed with a 1:3 to 1:6 split ratio to 900 mL in a 3 
L flask followed by 900 mL culture split to 2.7 Lina 5L 
flask. Finally, the 2.7 L culture in 5 L flasks is further split 
in to three 2.7 L flasks using 1:3 split ratios for the transfer 
into the Wave Bag. 


Cell Culture in Wave Bag 


[0147] Culture from the three 5 L shake flask (2.7 L 
culture) is used to inoculate a Wave Bag (total volume of 50 
L with a maximum working volume of 25 L) under aseptic 
conditions, following the 1:3 split ratio previously indicated 
for the shaking flask cultures (8.1 L of cell suspension+15.9 
L of fresh media). Low serum containing media (DMEM/ 
F12+1.25% FBS) is used for the cell growth in the produc- 
tion system (Wave Bag or 500 L bioreactor). 5% serum is 
used for the cell growth in the Wave Bag if it is used as seed 
for the 500 L bioreactor. 

[0148] C1F culture in Wave Bag is either harvested for 
production or used to inoculate a 500 L bioreactor. 


Culture in 500 L Bioreactor 


[0149] The contents of the Wave Bag (25 L) are asepti- 
cally transferred to a large-scale bioreactor (total volume of 
700 L with maximum working volume of 500 L) with 100 
L of initial culture media (with a 1:3 to 1:6 split ratio to a 
total volume of 125 L). 

[0150] After 3 days (+/-0.5 days) of culture, the media 
volume is increased to 500 L by the addition of 375 L new 
culture media and continued for an additional 3 days (+/-0.5 
days). Cultures are sampled regularly to determine cell 
number and viability. Bioreactor culture is monitored off- 
line for pH, lactate, glucose, glutamine and glutamate levels. 


Concentration and Recovery 


[0151] The cell culture broth is concentrated (25-100 fold) 
using a vertical axis flow through decanter centrifuge. The 
method for cell separation could include centrifugation, 
filtration, flocculation and combination thereof. The speed of 
the centrifuge is 500-1000 rcf with a flow rate per bowl size 
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of 0.4-1.2 min !. The concentrated cell culture slurry is 
collected and moved to the next stage of washing process. 


Washing the Cells 


[0152] Thecarryover of media components in the cultured 
meat is alleviated by efficiently washing the cell pellet after 
centrifugation. Specifically, the cell pellet obtained after 
centrifugation of the spent medium at the end of the cell 
culture is washed twice sequentially via a resuspension & 
centrifugation process using five-fold (w/v) 0.45% NaCl 
solution. By washing, the effective reduction of the media 
component carryover in the cultured meat is at least 25-fold. 
Except for glucose, glutamine & sodium, the carryover of 
the media components is empirically estimated to be very 
low, <10 ppm based on the 25-fold dilution at the end of 
washing. Glucose and glutamine are consumed as carbon/ 
nitrogen sources during the cell culture. 

[0153] The efficiency of washing is tracked by measuring 
the retained amount of Pluronic F-68 in the second wash 
solution. The initial concentration of the Pluronic F-68 in the 
growth media is 0.1% w/v (1000 mg/L). The Pluronic F-68 
concentration in the second wash solution was not detectable 
(<<0.01% w/v) confirming the efficiency of washing in 
removing the other soluble media components. 

[0154] Albumin in the wash solutions is detected and 
quantified using Bovine Albumin ELISA kit (Lifespan Bio- 
sciences) with high sensitivity and specificity for bovine 
serum albumin. In the final wash solution, the albumin 
concentration was determined to be lower than 10 mg/L and 
could be in the range of 0-100 ppm (mg/L) 

[0155] The washed cells (Cultured Chicken) are stored in 
sealed, food-safe containers at less than or equal -20? C. 
prior to use for final product formulation. 


Example 3: Testing Safety of Cells for Bacteria and 
Viruses 


[0156] Safety and efficacy of the cells is checked at all 
stages of growth and harvesting of the cells. Cultured CIF 
cells are evaluated for presence of viral, yeast, and bacterial 
adventitious agents. 

[0157] The chicken product is analyzed for the presence of 
bacteria using protocols from the FDA's Bacteriological 
Analytical Manual (BAM). 

[0158] Total Plate Count (TPC) is synonymous with Aero- 
bic Plate Count (APC). As indicated in the US FDA's 
Bacteriological Analytical Manual (BAM), Chapter 3, the 
assay is intended to indicate the level of microorganism in 
a product. Briefly, the method involves appropriate decimal 
dilutions of the sample and plating onto non-selective media 
in agar plates. After incubating for approximately 48 hours, 
the colony forming units (CFUs) are counted and reported as 
total plate count. 

[0159] Yeast and mold are analyzed according to meth- 
odology outlined in the US FDA Bacteriological Analytical 
Manual (BAM), Chapter 18. Briefly, the method involves 
serial dilutions of the sample in 0.1% peptone water and 
dispensing onto a petri plate that contains nutrients with 
antibiotics that inhibit microbial growth but facilitate yeast 
and mold enumeration. Plates are incubated at 25? C. and 
counted after 5 days. Alternately, yeast and mold are ana- 
lyzed by using ten-fold serial dilutions of the sample in 0.196 
peptone water and dispensing 1 mL onto Petrifilm that 
contains nutrients with antibiotics that facilitate yeast and 
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mold enumeration. The Petrifilm is incubated for 48 hours 
incubated at 25 or 28? C. and the results are reported as 
CFUs. 

[0160] | Escherichia coli and coliform are analyzed accord- 
ing to methodology outlined in the US FDA Bacteriological 
Analytical Manual (BAM), Chapter 4. The method involves 
serial decimal dilutions in lauryl sulfate tryptone broth and 
incubated at 35? C. and checked for gas formation. Next step 
involves the transfer from gassing tubes (using a 3 mm loop) 
into BGLB broth and incubated at 35? C. for 48+/-2 hours. 
Тһе results are reported as MPN (most probable number) 
coliform bacteria/g. 

[0161] Streptococcus is analyzed using CMMEF method 
as described in chapter 9 of BAM. The assay principle is 
based on the detection of acid formation by Streptococcus 
and indicated by a color change from purple to yellow. KF 
Streptococcus agar medium is used with triphenyl tetrazo- 
lium chloride (TTC) for selective isolation and enumeration. 
The culture response is reported as CFUs after incubating 
aerobically at 35+/-2° C. for 46-48 hours. 

[0162] Salmonella is analyzed according to methodology 
outlined in the US FDA Bacteriological Analytical Manual 
(BAM), Chapter 5. Briefly, the analyte is prepared for 
isolation of Salmonella then isolated by transferring to 
selective enrichment media, the plated onto bismuth sulfite 
(BS) agar, xylose lysine deoxycholate (XLD) agar, and 
Hektoen enteric (HE) agar. This step is repeated with 
transfer onto RV medium. Plates are incubated at 35? C. for 
24+/-2 hours and examined for presence of colonies that 
may be Salmonella. Presumptive Salmonella are further 
tested through various methodology to observe biochemical 
and serological reactions of Salmonella according to the 
test/substrate used and result yielded. Due to the small 
quantity of meat produced in 25 L Wave Bags only 5 grams 
is tested for Salmonella. Quantities tested from 500 L 
harvests will be consistent with FDA BAM—Chapter 5. 
[0163] Cultured chicken was prepared by methods con- 
sistent with the examples above. Table 1 indicates that 
bacteria contamination was negligible when compared to US 
FDA guidelines. 


TABLE 1 


Microbiological analysis of Cultured Chicken Meat 


Basis Representative 

Parameter Method Specification Example 

Microbiological Analysis 

Aerobic plate FDA BAM- «10,000 cfu/g <10 cfwg 

count Chapter 3 

Coliforms FDA BAM- <3 MPN/g <3 MPN/g 
Chapter 4 

E. coli FDA BAM- <3 MPN/g <3 MPN/g 
Chapter 4 

Fecal CMMEF- <10 cfu/g <10 cfwg 

Streptococcus Chapter 9 

Salmonella FDA ВАМ. Not Detected Not Detected 
Chapter 5 


Mycoplasma Contamination 


[0164] Cultured CIF cells are considered valid for Myco- 
plasma detection if a minimum 3% of randomly selected and 
tested cell vials from each bank are thawed and their culture 
supernatants provide a negative result using the Myco- 
Alert™Mycoplasma Detection Kit. Following the kit guide- 
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lines, the tested samples are classified according to the ratio 
between Luminescence Reading B and Luminescence Read- 
ing А: Ratio<0.9 Negative for Mycoplasma; 0.9«Ratio«1.2 
Borderline (required retesting of cells after 24 hours); 
Кайо>1.2 Mycoplasma contamination. 


Viral Assessment 


[0165] Viral assessment was performed by analyzing 
adventitious human and avian virus and bacterial agents 


Nutritional 
package 


Ash 


Carbohydrates 


Protein 


Total Fat 


through an Infectious Disease Polymerase Chain Reaction 
(PCR) performed by a third-party (Charles River Research 
Animal Diagnostic Services)—Human Essential CLEAR 
Panel; Avian Virus and Bacteria Panel. 

[0166] CIF from cell banks are considered valid for viral 
assessment if a minimum of 3% of independent cell vials 
from the tested bank are thawed and their cell pellets provide 
a negative result for the full panel of adventitious agents. 
[0167] Cultured CIF cells are considered approved for 
absence of adventitious avian and human viral and bacterial 
agents as the independent cell pellets from each cell bank 
were negative for the entire human and avian panels. 


Example 4: Cultured Chicken Analysis 


[0168] Тһе nutritional profile of Cultured Chicken was 
compared to conventional chicken. 

[0169] А chemical analysis of Cultured Chicken was per- 
formed using moisture, protein content, fat content, ash 
content, carbohydrate. Moisture content was analyzed using 
the gravimetric oven drying method using a 10-gram test 
portion of the Cultured Chicken dried at 105? C. for 224 
hours in a convection oven. The total crude protein was 
analyzed based the total nitrogen determined by Dumas 
combustion method using the LECO FP 628 Nitrogen/ 
Protein Analyzer. The fat content was measured as cumu- 
lative fatty acid methyl esters (FAMEs) in ratio to the mass 
ofthe starting test portion. A 30 mg dried test portion of cells 
is subjected to direct transesterification by methanolic 
hydrochloric acid апа ҒА МЕЗ are separated for analysis by 
GC-FID by liquid-liquid extraction into heptane. Quantita- 
tion was achieved by addition of methyl-10-heptadecenoate 
as an internal standard added to test samples and the 
calibration standards. FAMES identified in this method are 
constituents of GLC-74X analytical standard purchased 
from Nuchek Prep Inc., which is a mixture of 15 common 
saturated and unsaturated FAMEs between methyl octanoate 
and methyl docosanoate. All other significant peaks in the 
GC chromatograms were quantitated based on the calibra- 
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tion curve of their closest eluting neighbor. The total ash 
content was analyzed based on the gravimetric method by 
using the Milestone Pyro 260 Microwave Oven. The sample 
was heated to 900? C. for over 50 minutes and then held at 
900? C. for 1 hour. The carbohydrate content is calculated by 
difference from the total of moisture, protein, ash, and fat 
content. 


[0170] Table 2 summarizes the percent ash, carbohydrates, 
protein, and fat of Cultured Chicken compared to conven- 
tional boneless chicken breast. 


TABLE 2 


Nutritional analysis of Cultured Chicken in comparison 
with conventional boneless chicken breast. 


Dry raw | Dry raw Dry raw JUST 
Method chicken Cultured Cultured Chicken 
reference breast Chicken (normalized to 0% ash) 
AOAC 0 12 0 
930.30 
Calculation 0 3 3.4 
АОАС 871 77.8 88.3 
992.23 
AOAC 8.2 8.1 92 
996.06 
[0171] Table 3 summarizes the percent saturated, mono- 


unsaturated and polyunsaturated fats of Cultured Chicken 
compared to conventional boneless chicken breast. Fat val- 
ues are presented as % of specific fat relative to total fat in 
the sample. 


TABLE 3 


Summary of the percent saturated, monounsaturated 
and polyunsaturated fats of Cultured Chicken. 


Nutritional Method Dry raw Dry raw JUST 
package reference chicken breast Cultured Chicken 
Fat - Saturated AOAC 26.1 36.8 
996.06 
Fat - Monounsaturated AOAC 34.1 50 
996.06 
Fat - Polyunsaturated АОАС 17.5 7.4 
996.06 
Calories Calculation 437 436 
[0172] The Cultured Chicken is similar to that of conven- 


tional chicken when comparing the grams per 100 gram of 
dry cell paste to dry raw chicken. The overall caloric value 
of conventional chicken breast and Cultured Chicken 18 
similar. Monounsaturated fats (commonly referred to as the 
healthy type of fat) represent the type of fat in higher 
percentage in both conventional and Cultured Chicken (34. 
196 and 5096, respectively), followed by saturated fats and 
polyunsaturated fats. Interestingly, the high ash content in 
Cultured Chicken is due to residual salt, primarily from the 
0.45% NaCl washes used to prepare the material, and from 
the culture medium used to grow the chicken cells. This was 
also confirmed by the sodium levels in Cultured Chicken 
(3.696). When ash is removed from the analysis, protein, fat, 
and carbohydrate levels are quite consistent between Cul- 
tured Chicken and conventional chicken. 


Example 5: Avian Food Product Composition 


[0173] A representative avian food product composition is 
described below (by weight percentage) in Table 4. 
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TABLE 4 


Example avian food product composition. 


Ingredient 96 by weight 
Water 20-40 
Cell paste 25-50 
Mung bean 10-20 
Fat 5-20 


transglutaminase 0.0001-0.0125 


Example 6: Chicken Nugget Preparation Recipe 


[0174] Опе non-limiting recipe is described below. 


[0175] First, water was conditioned with disodium phos- 
phate at a concentration between 0.03-0.16%. After the 
water was conditioned, mung bean protein isolate was added 
into the conditioned water to prepare a hydrated pulse 
protein. Next, the cell paste made from CIF cells at a 
concentration of 25-6596 was contacted with the hydrated 
pulse protein to prepare a cell and protein mixture. 


[0176] A series of heating steps to the cell and protein 
mixture was applied. In the first step, the temperature of the 
cell and protein mixture was ramped up to a temperature 
between 45-60? C. Seasonings were added at this step. 
During the second step, the temperature of the cell and 
protein mixture was maintained at 45-60? С. and transglu- 
taminase was added. The transglutaminase enzymatic reac- 
tion was run for 10-20 minutes at a temperature between 
45-60? C. During the third step, the transglutaminase enzy- 
matic reaction is stopped by increasing the temperature of 
the cell and protein mixture to 70? C. to inactivate the 
enzyme. As discussed herein, transglutaminase covalently is 
believed to covalently link peptides in the protein isolate 
together and with peptides present on the cultured cells. 
During the third step, oil was added at a concentration 
between 5-2096 (v/v). 

[0177] The cell and protein mixture after treatment of the 
third step was then cooled to a temperature between 5-15? C. 
[0178] The cell and protein mixture after the third step was 
then emulsified in 5-25% fat to create an emulsified mixture 
that is transferred to a mold. The density and texture of the 
emulsified mixture was changed by applying a vacuum to 
the mold. The emulsified mixture was then portioned out 
into silicone molds/trays. The silicon molds/trays were then 
baked at 200-275? C. for 5-19 minutes and with 35-7596 
steam injection. 

[0179] Тһе baked material was then bagged, flash frozen, 
or refrigerated. The baked material was then breaded and 
fried to produce a cultivated avian chicken bite. 

[0180] The cultivated avian chicken bite was tested by a 
tasting panel and the panel determined that the cultivated 
avian cell chicken bite was comparable in taste, texture and 
mouthfeel to a chicken bite prepared from a farmed animal. 


Example 7: Sequencing Analysis on the Chicken 
Cells Used for Manufacturing 


[0181] Sequencing analysis on the chicken cells used for 
manufacturing was compared to the parental cells to evalu- 
ate potential genetic drift induced by the culture conditions. 


[0182] Briefly, differential gene expression analysis was 
done using ће R program DESeq2 1.20.0, based on the 
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referenced publication. Afterwards, the hierarchical cluster- 
ing of samples was performed with ClusterProfiler: cluster | 
2.0.7-1. 

[0183] FIG. 3 depicts the clustering analysis performed 
between three biological replicates of parental chicken cell 
pools and three biological replicates of chicken cell pools 
used for manufacturing of Cultured Chicken. 

[0184] More than 10,400 genes are plotted in FIG. 3, with 
statistically differently expressed genes selected for p«0.01, 
and the scale of differently expressed genes being presented 
as a heatmap. 

[0185] Samples JUST1-JUST3 were obtained from paren- 
tal chicken cells cultured in adherent conditions with media 
supplemented with high (1096 v/v) serum concentration. 
Samples JUST 7-JUST9 were cultured in suspension with 
media supplemented with low (1.2596 v/v) serum concen- 
tration. As observed in FIG. 3, samples clustered together 
within each group, demonstrating homogeneity between 
biological replicates within each culture condition. 

[0186] Pathway enrichment was performed using enrich- 
KEGG based on annotations on the Gallus gallus database 
(GenomelnfoDbData 1.1.0 and Org.Gg.eg.db (Gallus data- 
base) v2.1 updated Apr. 9, 2018), to verify if the differently 
expressed genes were grouped in certain pathways. 

[0187] Pathways that were influenced include those asso- 
ciated with mechanisms of DNA replication, proteasome, 
ribosome, apoptosis and steroid biosynthesis. None of up- 
and down-regulated genes were associated with metabolites, 
proteins or other toxins harmful for human consumption. 


Example 8: Effect of Reducing Serum Content 


[0188] Тһе effect of low serum media on cell viability 
(FIG. 4A) and population doubling time was analyzed (FIG. 
4B). Cells were grown initially at 0.596 (v/v) serum con- 
centration and then lowered to 096 (v/v)—serum-free. 
[0189] Тһе effect of CIF cell growth in basal media with 
no serum that was supplemented with fatty acids and growth 
factors (FIG. 5A), and in basal media with no serum that was 
supplemented with fatty acids and growth factors (FIG. 5C) 
were studied and compared to CIF cells grown in basal 
media with no serum and without growth factors (FIG. 5B). 
The growth factors used were insulin-like, epidermal-like, 
and fibroblast-like growth factors at concentrations between 
5-200 microgram/mL. FIGS. 5A and 5C used 100 micro- 
gram/mL of growth factors during experimentation. Similar 
effects were observed with growth factors at 50 microgram/ 
mL. The results of which demonstrate that serum free media 
supplemented with growth factors achieve similar viable cell 
density as basal media with serum that is supplemented with 
growth factors. 


Example 9: Adaptation to Serum-Free Conditions 


[0190] А methodology of gradual adaptation was imple- 
mented based on sequential reduction of serum percentage at 
each step, after assuring successful cell adaptation from the 
previous step. Cellular adaptation to lower serum concen- 
tration is not an immediate process and requires a period of 
time to get adjusted to the new microenvironment and to 
acquire a healthy appearance and an obvious growth at each 
stage of serum reduction. First, we determined the threshold 
concentration of FBS below which cells in suspension show 
significant growth arrest. C1F cells maintained іп 5% FBS 
containing media were transferred to 2%, 1% and 0.596 FBS. 
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When FBS concentration was reduced below 1% (v/v), cells 
showed of reduced growth. In order to adapt cells to 
low-serum concentration, media containing 196 v/v and 
0.596 (v/v) FBS were supplemented with insulin-transferrin- 
selenium-ethanolamine (ITSE) (ThermoFisher) and growth 
factors (epidermal growth factor (EGF) and basic fibroblast 
growth factor (FGF), Peprotech). The use of ITSE, EGF and 
basic FGF together is referred to as ITSEEF. FIG. 6 dis- 
closes viability, population doubling time and population 
doubling level of cells adapted to grow in serum free media. 
FIG. 6a shows the viable cell density during the serum 
weaning process. FIG. 65 shows population doubling time 
during the serum weaning process. FIG. 6c shows the 
viability of C1F cells as the cells are transitioned from media 
containing 0.596 FBS to 096 FBS. 


[0191] In order to achieve higher cell density in serum- 
free media, additional chemically defined supplements were 
tested. As shown in Table 5, vitamins, lipids, and trace 
elements were screened together with weaning of growth 
factors and ITSE. In this example, both powder (Ther- 
moFisher, Cat #А42914ЕК) and liquid (basal media 
(DMEM/F-12, Cat #11320-033) supplemented with 
Pluronic-F68 and ITSEEF, so called JUST Basal (JB) media 
going forth) versions of DMEM/F12 media were used. 
Liquid DMEM/F12 was used for most of the adaptation 
study. SFM (SFC-2) with standard osmolarity (around 330 
mOsm/Kg) was prepared using a commercially available 
powdered form of DMEM/F12 while SFM (SFC-4) with 
low-osmolarity (around 280 mOsm/Kg) was prepared using 
a custom-made variant of powder DMEM/F 12 which did not 
contain glucose, HEPES buffer, L-glutamine, sodium bicar- 
bonate, and sodium chloride. Missing components of SFC-4 
were added separately and osmolarity was adjusted based on 
different values of sodium chloride addition. In-house 
RO/DI water was used to prepare DMEM/F12 basal media 
from powder formulations. 


TABLE 5 


Composition of the different SFM optimized at different 
stages of adaptation to serum-free condition. 


SEM Type 


Components JB JB-VLA  SFC-2 SFC-4 

Basal media DMEM/F12 X X X X 
Protein-based ITSE X X X X 
Growth Factors EGF X X 

Basic FGF X X 
Vitamins AVit Mix X X X 
Lipids CDL Mix X X X 
Trace Elements Commercial Trace X X X 

Element Mix 
Surfactant Pluronic X X X X 


Serum-Free CIF (SF-C1F) Cell Expansion and 
Cryopreservation 


[0192] Based on viable cell density, the split ratio for the 
expansion of CIF cells was determined, which is typically 
1:3 (v/v). CIF cells cultured in serum-free media (SEM) 
were expanded from 125 mL flask with 50 mL working 
culture to a final step at 5 L flask with 2.5 L working volume, 
via multiple incremental subculture steps: 100 mL in 250 
mL flasks, 300 mL in 500 mL flasks, 900 mL in 2.8 L flasks. 


Dec. 17, 2020 


After each cell passage, a new measurement of cell density 
and viability was done following the same protocol previ- 
ously described. 

[0193] SF-C1F cell banks were prepared from actively 
growing cultures in 5 L shake flask. The volume of CIF cell 
suspension that held the number of cells desired to bank was 
centrifuged at 300xg. The supernatant was aseptically 
decanted or aspirated without disturbing the C1F cell pellet. 
The cell pellet was gently resuspended in cryopreservation 
medium. Various in-house and commercially available 
freezing media were screened to determine the best per- 
former (Table 6). In-house freezing media were prepared by 
adding FBS and/or DMSO to SFM (SFC-2) media. Com- 
mercial cryopreservation media were purchased from 
BioLife Solutions (CryoStor CS2, CSS, CS10) and Promo- 
Cell (Cryo-SFM). SF-CIF cell banks were stored as 20 to 30 
million cell aliquots at -185° C. in the vapor phase of a 
liquid nitrogen freezer. One (1) mL aliquots for in-house 
cryopreservation media and 2 mL aliquots for commercial 
freezing media were dispensed into cryogenic storage vials. 
Cells were frozen in bar-coded cryovials at a rate of -1° 
C /min from 4? C. to -80? C. during a 16 to 24-hour period 
in isopropanol chambers. СЛЕ cells were then transferred 
and stored in a vapor phase liquid nitrogen storage system 
(Taylor Wharton («-175? C.)) Vial content and banked 
storage position were recorded in a controlled database. 
GMP chain of custody documentation (vial identity confir- 
mation) is utilized to ensure the appropriate vial(s) are 
retrieved from the cell banks. 

[0194] Two vials of SF-CIF cell bank were thawed in 37? 
C. water bath for less than 2 min and resuspended following 
10-times dilution using SFM (SFC-2). After centrifugation 
at 300xg, the supernatant was removed, and the cells were 
resuspended again in fresh SFM at a density between 
0.3-0.6x10° cell/mL. Spin passage was carried out until the 
cells showed recovery by growing to a viable cell density 
(VCD) at or above 1.2x10° cell/mL. Upon recovery cells 
were split passaged following 1:3 ratio. Spin passage was 
performed by centrifuging the cells at 300xg for 5 min and 
discarding the supernatant. The cell pellet was then resus- 
pended in fresh medium. In the split passage method, a 
portion of cell culture was transferred to a new flask con- 
taining predetermined amount of fresh media. For a cell split 
ratio of 1:3, one third of the total volume of the original СЛЕ 
suspension is transferred to a flask containing two thirds of 
total volume of fresh culture media. VCD was measured 
according to the method disclosed in Example 13. 


TABLE 6 


Cryopreservation media tested for SF-C1F cells. 


Media Type Name/Components Vendor Type 
Cryopreservation 10% FBS + 10% DMSO + In-house Serum 
media 80% SFM containing 
90% FBS + 10% DMSO n-house Serum 
containing 
10% DMSO + 90% SFM n-house — Serum-free 
CryoStor CS2 BioLife Serum-free 
Solutions 
CryoStor CS2 BioLife Serum-free 
Solutions 
CryoStor CS10 BioLife Serum-free 
Solutions 
Cyro-SFM PromoCell Serum-free 
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[0195] For quantification of viable cell density and viabil- 
ity, 1 mL of CIF suspension were collected in an Eppendorf 
tube and centrifuged at 300xg for 5 min. The supernatant 
was discarded or used for determination of metabolite 
concentration. The CIF cell pellet was resuspended in 500 
uL of TrypLE Express (Gibco) and incubated for 5-8 min at 
37? C. on a shaking platform, followed by an inactivation of 
enzymatic activity by adding 500 uL of culture media. The 
total volume (minimum volume of 550 mL per sample) was 
transferred to sampling cups for the Vi-Celltm XR Cell 
Viability Analyzer (Beckman Coulter). Cell density and 
viability was quantified using the Vi-Cell analyzer. Nova 
Flex bioanalyzer (Nova Biomedical, USA) was used to 
evaluate values of pH, glucose, glutamine, glutamate, lac- 
tate, ammonium, potassium, and sodium. One (1) mL of 
sample (spent or fresh media) was used for media compo- 
nent and metabolite analysis. The osmolarity of fresh and 
spent media was measured using OsmoPro osmometer (Ad- 
vanced Instruments) using 20 uL of sample. Population 
doubling time (PDT) and Population doubling level (PDL) 
were calculated according to the following formulas: 


PDT=?*log 10(2)/((log 10(#/n0)), where culture 
time, n=final cell number and и0-пшпһег of 
cells seeded. 


PDL-3.32[log 10(z/10)], where =final cell number 
and z0=number of cells seeded. 


[0196] After successful adaptation of the CIF cells to 
0.5% FBS, FBS was further reduced in steps to 0.25%, 
0.1%, 0.05% and to 0% FBS. CIF cells were successfully 
grown without FBS in the presence of ITSEEF, however, the 
cell density and proliferation rate was a little lower than cells 
grown in 5% FBS containing medium. 


Example 10: Additional Media Components 


[0197] This example discloses the addition of nutritional 
components to serum free media to improve cell density and 
proliferation rate. The media disclosed in Table 5 is referred 
to as JUST Basal (JB) media. A lipid solution purchased 
from ThermoFisher (CD-lipid) was previously reported to 
aid in weaning of FBS in cell culture media. Lipids, espe- 
cially essential fatty acids and ethanolamine have been 
shown to support increased growth of cells, including fibro- 
blasts. They store energy and act as constituents of the 
cellular membrane; they also aid in signaling and transport. 
Supplementation of chemically-defined vitamins and lipids 
improved the VCD of serum-free CIF cells from about 
0.8-1.0x10° cell/mL to 1.5x10° cell/mL. VCD was measured 
according to the method disclosed in Example 13. Next, we 
added trace elements to increase VCD and proliferation rate. 
For instance, selenium is known to help detoxify free 
radicals as a cofactor for glutathione (GSH) synthetase. 
Other trace elements like copper, zinc and tricarboxylic acid 
are necessary albeit in small quantities for cell growth and 
proliferation. The micronutrients are also essential for the 
functionality and maintenance of certain enzymes. Trace 
elements A, B and C purchased from Corning were tested. 
Trace A mixture contains defined concentration of CuSO4, 
ZnSO4, Na-selenite, and ferric citrate. When cultured with 
Trace A (JB-VLA), CIF cells were able to achieve a VCD 
of ~2x10° cell/mL or higher over time. Interestingly Trace В 
and C had no observable effects on C1F chicken cells growth 
in SFM. VCD was measured according to the method 
disclosed in Example 13. 
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Example 11: Reduction of Growth Factors 


[0198] This example discloses the reduction of growth 
factors in SFM. CIF cells were cultivated as disclosed in 
Example 10 but were adapted to minimize the addition of 
growth factors by slowly reducing the amount of growth 
factors added to the media. Over time, CIF cells grew 
successfully at similar VCD and proliferation rates as dis- 
closed in Example 10 in media that did not contain EGF and 
FGF. 

[0199] Experiments to reduce ITSE were successful in 
reducing the amount of ITSE supplementation by 10-fold 
without compromising the growth and proliferation of 
chicken cells in SFM. VCD was measured according to the 
method disclosed in Example 13. 


Example 12: Large Scale Manufacturing of Avian 
Cells 


[0200] Multiple large scale manufacturing of СЛЕ cells in 
single use and stainless-steel bioreactors at scales of up to 
1,000 L using serum-free (C1F-SFM) and serum-containing 
media (CIF-SCM) were performed. The serum-free and 
serum-containing media are described herein. 

[0201] Ав the size of the fermentation vessel increases, 
high pressure, mixing time, nutrient flow, lower O, levels 
and buildup of СО», and shear act to inhibit or prevent 
growth of cells or lysis of the cells. As the size of the 
fermentation vessel increases in height, the pressure at the 
bottom of the vessel can be extremely high, leading to lysis 
of cells. It is a surprising and unexpected result that avian 
cells could be cultivated in large fermenters. Avian cells do 
not have a protective cell wall that protects the cell from 
high pressures. 

[0202] Single use wavebag bioreactors were used in batch 
cell culture mode or perfusion mode. 

[0203] For the batch cell culture mode, culture from 5 L 
shake flasks was used to inoculate a 50 L rocking motion 
wavebag under aseptic conditions, to obtain a desired split 
ratio. After a desired cell density was achieved, the addi- 
tional media was added to the wavebag to achieve a desired 
split ratio. At this point the total culture volume was 50 L. 
Upon completion of the cultivation of the 50 L wavebag, the 
entire contents of two wavebag batch cultures were used to 
inoculate 200 L stainless steel bioreactor. 

[0204] For the perfusion wavebag cultures used to gener- 
ate inoculum for 500 L bioreactors, a single 50 L wavebag 
bioreactor was inoculated with culture from 5 L shake flasks 
and fresh media was added to achieve a desired split ratio. 
Following inoculation, the cell culture was allowed to grow 
for one day, before the perfusion process was initiated on 
day 1. Perfusion was continued for a predetermined amount 
of time and on the last day of the perfusion, the cell culture 
was transferred and used to inoculate the 500 L single use 
bioreactor following desired split ratio. 

[0205] Multiple 200 L and 1,000 L stainless steel biore- 
actor cultivations were performed to manufacture cultured 
chicken cells. The contents of the wavebag culture discussed 
above were transferred to the 200 L bioreactor and culture 
media was added to the bioreactor to achieve a desired split 
ratio. During cultivation, the bioreactor culture was moni- 
tored off-line for pH, dissolved oxygen, glucose, glutamine, 
lactate, ammonium, and osmolarity levels. During the cul- 
tivation, samples were collected to confirm the absence of 
microorganisms. 
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[0206] The 1,000 L stainless steel and the 500 L single-use 
bioreactors may also be run in a draw and fill method. By 
this process, a desired amount of a bioreactor culture, for 
example 750 L of a 1,000 L bioreactor or 375 L of a 500 L 
bioreactor of culture are harvested into an interim storage 
container (single use BioBag) and fresh media is immedi- 
ately added to the remaining culture, returning total volume 
to 1,000 L or 500 L. Concurrent with the refill operation, the 
collected cell culture is concentrated for harvesting pur- 
poses. Once the bioreactor has been refilled to its desired 
volume, cultivation was continued to achieve a desired cell 
density. The draw and fill procedure may be performed 
multiple times culminating with a final harvest collecting the 
full culture volume. 


[0207] Cell harvest is defined as separation and collection 
of cells from growth media/liquid. Typically, the harvest is 
performed by centrifugation and washing of residual media 
components. The cells can be washed with any wash solu- 
tion, typically water containing 0.4596 (w/v) NaCl. The 
product of harvest, cultured chicken, is also termed “cell 
paste" which means wet cell pellet generated after centrifu- 
gation and washing. 

[0208] Cell densities far exceeding 2 million cells/mL 
were routinely obtained. 


Example 13: Reducing Lactate Production 


[0209] During cell growth, metabolite (e.g. lactate, ammo- 
nia, amino acid intermediates) accumulation have been 
shown to be detrimental to cell growth and productivity at 
certain concentrations (Claudia Altamirano et al., 2006; 
Freund & Croughan, 2018; Lao & Toth, 1997; Pereira et al., 
2018). In a fed-batch process the accumulation of lactate 
causes a decrease in culture pH requiring the addition of 
alkali to maintain pH at setpoint or physiological range. 
Negatively, the addition of alkali causes an increase in the 
osmolality of the media and it has been shown that higher 
osmolality levels strongly inhibit the growth and protein 
production of most cell lines (Christoph Kuper et al., 2007; 
Kiehl et al., 2011; McNeil et al., 1999). 


[0210] The major route of lactate accumulation is the 
interconversion of pyruvate to lactate which is catalyzed by 
lactate dehydrogenase (LDH). In mammalian cells, studies 
have shown that LDH exist either as homo- or hetero- 
tetramers with a subunit А or B, encoded by LDHA or 
LDHB respectively (Urbanska & Orzechowski, 2019). 
Moreover, it has been shown that LDHA catalyzes the 
forward reaction (pyruvate to lactate) and LDHB catalyzes 
the backward reaction (lactate to pyruvate). LDHA play a 
key role in the Warburg effect that occurs in cell lines that 
do not drive the breakdown of pyruvate through the citric 
acid cycle, producing lactate from pyruvate even in the 
presence of oxygen 


[0211] Oxamate, an analogue of pyruvate, is a strong 
competitive LDHA inhibitor halting the Warburg effect by 
channeling much of the breakdown of glucose through the 
tricarboxylic acid (TCA) cycle—a much more energy effi- 
cient process (Wang et al., 2019). However, the use of this 
molecule inhibits cell proliferation which is a key factor at 
the earlier stage of production for most industrial mamma- 
lian cell lines (Kim et al., 2019; Wang et al., 2019). 

[0212] CIF cells were cultivated in suspension culture 
supplemented with 1.2596 bovine serum. Different concen- 
trations of sodium oxamate were tested: 1, 3, 5, 10, 30, 60, 
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100, and 200 mM, and production of lactate, glucose con- 
sumption, cell growth rates and cell density were measured. 
[0213] Тһе specific rates were calculated using daily 
viable cell concentration and metabolite concentrations for 
the duration of the cell culture. Specific net growth rates (uy) 
were calculated as a change in VCD over a time interval t, 
to t, using equation (1): 


Р ЕН (Equation 1) 
ý VCD1 


п-п 


Им = 


Specific glucose consumption rate (qGluc) or specific lactate 
production rate (qLac) were determined using equation (2), 
where P is glucose or lactate concentration: 


P2- P1 | (Equation 2) 


Gl те ВНЕ 
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[0214] Viable cell density (VCD) and viability were deter- 
mined by the trypan blue exclusion method using the Vi-cell 
I'm (Beckman Coulter) from 1 mL daily samples taken from 
shake flask cell culture. Gas and pH values including 
metabolite (glucose, lactate glutamine, glutamate, ammo- 
nium) concentrations were measured using the Bioprofile 
Flex analyzer (Nova Biomedical). Osmolality was measured 
using the OsmoPro Multi-Sample Micro-Osmometer (Ad- 
vanced Instruments) which employs the freezing point tech- 
nology. 

[0215] C1F-SCM cells treated with different concentra- 
tions of sodium oxamate (1,3,5 and 10 mM), including 
untreated control cells, were cultured in a batch mode using 
duplicate shake flasks for 3 days. We observed a 2896 
(р<0.05) reduction in lactate production for 10 mM oxam- 
ate-treated cells and appreciable decrease in lactate produc- 
tion in cells treated with other concentrations of oxamate 
tested on day 2 compared to the control condition. In 
addition, we observed a concentration-dependent effect of 
oxamate on lactate production and glucose consumption by 
day 2 in oxamate-treated cells, with an increase in oxamate 
concentration leading to reduced lactate production. Other 
control parameters were within acceptable physiological 
ranges. 

[0216] When the experiment was repeated using higher 
concentrations of sodium oxamate (10, 15, 20 and 30 mM) 
of sodium oxamate in a 3-day batch cell culture, lactate 
production was decreased in a concentration-dependent 
manner and lactate production was decreased by about 5296. 
[0217] We went ahead to further increase the concentra- 
tion (30, 60, 100 and 200 mM) of oxamate for a 3-day batch 
culture. As expected, a concentration-dependent decrease in 
lactate production in cells treated with oxamate was 
observed. 

[0218] То further examine if the effects of oxamate 
remained similar in cell culture with metabolic by-products 
already present, we passaged cells treated with 30 mM 
oxamate using а 1:3 (v/v) split with fresh media (1⁄4 of the 
volume of spent media and 25 of fresh media). Having been 
used in culture for several days, carried over media invari- 
ably contains residual amounts (carryover) of metabolites 
resultant from cell consumption. 
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[0219] CIF cells treated with 30 mM of oxamate showed 
a continuous linear proliferation up to day 5 of culture, 
peaking at 2.79х109 cells/mL. Control cultures peaked at 
day 3 of culture, at 1.64x10° cells/mL and lagged after that. 
Hence, oxamate-treated culture showed a significant 
increase in maximum viable cell density of ~44%. Even 
though the oxamate-treated cells exhibited a higher cell 
density by day 5, these CIF-SCM cells still had ~23% 
reduction in cumulative lactate production compared to the 
control group. In addition, oxamate-treated CIF cells 
showed a decreased specific glucose consumption (qGluc). 
Cell viability and osmolality of the media were not com- 
promised by the supplementation with oxamate. Ammonium 
accumulation spiked out for oxamate-treated cultures 
between days 3 and 5 of culture relative to the non-oxamate- 
treated control. The pH of the media ended up around 7.0 for 
the control cultures and 7.2 for oxamate-treated CIF-SCM 
cells. 


[0220] The increase in cell density of oxamate treated cells 
is surprising and unexpected. Studies conducted using 
oxamate on cancer cells show inhibition of cell proliferation. 
The inhibitory effect of oxamate on cell proliferation may be 
due to the dependency of cancer cells on the glycolytic 
pathway as a source of energy as it represents a faster route 
for ATP generation than via the TCA cycle (Kim et al., 2019; 
Lu et al., 2014). 


Example 13: Alternative Sugars 


[0221] We evaluated the impact of alternative sugars 
(mannose, fructose and galactose) on the growth and 
metabolism of an in-house CIF chicken cells grown in 
suspension cultures containing 1.2596 FBS. Specific net 
growth rate (р) and Specific glucose consumption rate 
(qGluc) or specific lactate production rate (qLac) were 
calculated according to equation 1 or 2 as disclosed in 
Example 12. 


[0222] Suspension cultures as described herein were cul- 
tivated using 3 g/L of the respective sugars were added from 
day 0 and cultured in a batch mode up to day 3. On day 3 
after sampling, an additional 3 g/L of each sugar was added 
to the respective flasks. By day 3, at the peak cell density, 
flasks that used glucose as carbon source had the highest 
viable cell density (-2.805x10? cells/mL), followed by 
flasks with mannose (~2.40x10° cells/mL), then fructose 
(1.935x10° cells/mL) and lastly galactose (0.915x10° cells/ 
mL). 

[0223] Though mannose-fed flasks had a lower overall 
lactate production by day 2, when normalized to day 3 VCD, 
lactate produced showed a slight increase by 1.7% compared 
to cells cultured with glucose. 


[0224] Since we observed that the CIF cells could utilize 
fructose as a carbon source, we evaluated the effect of 
different starting concentration of fructose. In one experi- 
ment, 6 g/L of fructose was added to one set of duplicate 
flasks from day 0, and 3 g/L of fructose added each to 
another set of duplicate flasks from day 0. In the flasks 
starting with 3 g/L of fructose, an additional 3 g/L of fructose 
was added on day 1 of one of the duplicates and day 2 of the 
other duplicate. Overall, the flasks showed similar cell 
density and growth rate profiles by day 2, though flasks 
cultured with 6 g/L of fructose from day 0 showed a slight 
increase in lactate accumulation from day 1 to 36% higher 
by day 3. 
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[0225] We next evaluated the effect of combining glucose, 
mannose and fructose on growth and lactate production. 
Using a design-of-experiment (DOE) approach, 17 batch 
shake flask runs were carried out evaluating varying com- 
binations of concentrations of glucose, mannose and fruc- 
tose as energy sources for suspension chicken C1F cells. The 
experimental design used included 3 factors (glucose, man- 
nose and fructose) and 4 levels (0, 0.5, 1.5 and 3.0 g/L). By 
day 3, cells with the base carbon sources 3.0 glucose/0.5 
fructose/0.5 mannose had the highest viable cell density 
(VCD) of 3.8х109 cell/mL, followed by 3.0 glucose/0.0 
fructose/3.0 mannose and 3.0 glucose/3.0 fructose/3.0 man- 
nose. In addition, the VCD of 3.0 glucose/3.0 fructose/3.0 
mannose flasks increased from 3.54х109 cell/mL to 3.78x 
106 cell/mL by day 4. Interestingly, the above-mentioned 
flasks showed a similar lactate profile to the control flasks 


[0226] To maximize VCD, DOE analysis showed the 
presence of glucose to be very significant (p value=0.001). 
This was followed by the presence of mannose. In addition, 
the DOE analysis showed that to maximize VCD with 
minimal lactate, glucose and mannose combinations needed 
to be optimized. Moreover, fructose combinations showed 
lowest lactate accumulation levels and lower VCDs. The 
cultures with lowest amount of glucose (or no glucose or 
low/no mannose) performed poorly compared to those with 
more glucose and certain amount of mannose. Meanwhile, 
three flasks (3 glucose/1.5 fructose/3 mannose, 3.0 glucose/ 
0.0 fructose/3.0 mannose and 3.0 glucose/3.0 fructose/3.0 
mannose) with 3.0 g/L of glucose and at least x1.5 g/L 
mannose showed a slow consumption of glucose. 


[0227] Since we discovered the importance of the pres- 
ence glucose in a culture and the additional benefit of 
mannose in cell culture longevity, we screened different 
glucose/mannose ratios using DOE. The DOE design used 
included 2 factors (glucose and mannose) and 4 levels (0.5, 
1.5, 3.0 and 4.0 g/L). By day 4 of cell culture we observed 
that flasks with 3.0 g/L of glucose with additional 1.5-3.0 
g/L of mannose exhibited the highest VCDs (~10-25% 
increase vs. control) and extended cell culture longevity 
compared to the control (only 3.0 g/L glucose). Flasks with 
3.0 g/L glucose and 1.5 g/L mannose had a VCD of about 
3x10 cell/mL where control flasks with 3.0 g/L glucose and 
no mannose had a VCD of about 2.5x10° cell/mL. 


Example 14: Chicken Skin Prepared from Cultured 
Avian Cells 


[0228] А cell-culture based chicken skin product was 
prepared using cultured avian cells prepared according to the 
teachings herein. The chicken skin product was prepared by 
admixing 10%-60% wet cell paste, between 80%-40% 
water, and between 0.1.%-25% starch, modified starch, or 
hydrocolloids. The ingredients were mixed together and 
heated to 65° C. to set the starch. The mixture was then 
spread thinly onto a sheet and steamed at 160° C.-220° Е. 
until the mixture was gelled, typically about 20 minutes. The 
gelled product was removed and allowed to cool to room 
temperature. The cooled, gelled product was broken apart 
into pieces and dried and brown at 120? C.-160° F. until dry 
to prepare the cell-culture based chicken skin product. 
Typically, the drying time was between 4-12 hours. 


[0229] Тһе cell-culture based chicken skin product had a 
deep umami flavor profile and mouth feel of chicken skin 
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from a farmed animal. In taste tests, some subjects preferred 
the taste of the cell-culture based chicken skin product over 
the skin of farmed chicken. 

[0230] Тһе embodiments and examples described above 
are intended to be merely illustrative and non-limiting. 
Those skilled in the art will recognize or will be able to 
ascertain using no more than routine experimentation, 
numerous equivalents of specific compounds, materials and 
procedures. АП such equivalents are considered to be within 
the scope and are encompassed by the appended claims. 
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1.-60. (canceled) 

61. A method of producing an avian cell food product 
in-vitro, the method comprising the steps of: 

a. culturing a population of avian cells in vitro in a growth 
medium capable of maintaining the avian cells, said 
growth medium comprising less than 2% fetal bovine 
serum; 

b. recovering the avian cells; and 

c. formulating the recovered avian cells into an edible 
food product. 

62. The method of claim 61, wherein the growth medium 

comprises no fetal bovine serum. 

63. The method of claim 62, wherein the avian cells are 
fibroblasts. 

64. The method of claim 62, wherein culturing the popu- 
lation of avian cells is carried out in a suspension culture 
system, and wherein the cells are grown in a batch, fed- 
batch, semi continuous (fill and draw) or perfusion culture 
system. 

65. The method of claim 64, said growth medium com- 
prising a growth factor, the growth factor selected from the 
group consisting of insulin, fibroblast growth factor, and 
epidermal growth factor. 

66. The method of claim 64, wherein the growth factor 
comprises insulin. 

67. The method of claim 64, wherein the growth medium 
further comprises transferrin. 

68. The method of claim 64, wherein the growth medium 
further comprises selenium. 

69. The method of claim 64, wherein the growth medium 
further comprises ethanolamine. 
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70. Тһе method of claim 64, wherein the growth medium 
comprising insulin, transferrin, and selenium. 

71. The method of claim 64, wherein the growth medium 
further comprises a lactate dehydrogenase inhibitor selected 
from the group consisting of oxamate, galloflavin, gossypol, 
quinoline 3-dulfonamides, N-hydroxyindole-based inhibi- 
tors, and ЕХ11. 

72. The method of claim 64, wherein the growth medium 
further comprises a sugar selected from the group consisting 
of glucose, galactose, fructose, and mannose. 

73. The method of claim 61, wherein the formulating the 
recovered avian cells into an edible food product comprises 
the step of admixing a plant protein isolate to the recovered 
avian cells. 

74. The method of claim 73, wherein the pulse protein 
isolate is a pulse protein isolate. 

75. Тһе method of claim 74, wherein the pulse protein 
isolate is a mung bean protein isolate. 

76. The method of claim 73, wherein the formulating the 
recovered avian cells into an edible food product further 
comprises contacting a peptide cross-linking enzyme with 
the avian cell and plant protein isolate admixture. 

77. The method of claim 76, wherein the cross-linking 
enzyme is selected from the group consisting of transgluta- 
minase, sortase, subtilisin, tyrosinase, laccase, peroxidase, 
and lysyl oxidase. 

78. А food product prepared by the method of claim 61. 

79. A method of preparing a food product, the food 
product comprising avian cells cultivated in vitro, the 
method comprising: 

a. conditioning water with phosphates to prepare condi- 

tioned water; 

b. hydrating a plant protein isolate, with the conditioned 

water to produce hydrated plant protein; 
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c. contacting cell paste and hydrated plant protein to 
produce a cell and protein mixture; 

d. heating the cell and protein mixture in steps, wherein 
the steps comprise at least one of: 

i. ramping up the temperature of the cell and protein 
mixture to a temperature between 40-65? С.; 

п. maintaining the temperature of the cell and protein 
mixture at a temperature between 40-65? C. for at 
least 15 minutes; 

iii. ramping up the temperature of the cell and protein 
mixture to a temperature between 60-85? C. to 
prepare a pre-cooking product; 

iv. optionally, cooling the cell and protein mixture to a 
temperature of a temperature between 5-15? C. to 
prepare a pre-cooking product; 

e. optionally adding an oil at steps (1), (ii), (iii), (iv) or to 
the pre-cooking product; and 

f. optionally, cooking the pre-cooking product to prepare 
the avian food product. 

80. A food product prepared by the method of claim 79. 

81. A food product produced from avian fibroblasts cul- 

tivated in vitro, the food product comprising: 

a. a cell paste, the cell paste content in an amount of at 
least 2596 by weight, and wherein the cell paste is made 
from avian fibroblast cells cultivated in vitro; 

b. a mung bean protein, the mung bean protein content in 
an amount of at least 1596 by weight; 

c. a fat, the fat content in an amount of at least 196 by 
weight; and 

d. a water, the water content in an amount of at least 2096 
by weight. 


